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PREFACE. 


Tilts  nork.  »»  iu»  uaiiie  indicates,  extmids  over  the  Held  of 
^  plane  &nrvi>yiiig.     It  illiiatratee  awl  describes  tbe  iiihu'ii- 

ntents  ctDpIovcd,  tbvtr  adjiutmcoto  and  uki-b  ;  it  exemplifies  tbe 
]jei«t  TTK-lIiodat  of  solviug  tbo  commori  |>roblemH  occurring  In 
prartire.  and  fuminlieH  suluttuiis  ftjr  many  itjiL-t.-iid  cas4>a  wliicli 
not  uiifrcfiucutlif  present  tliciuiMivi-s.  An  L-si>cricncc  of  twruty 
yvan  in  tti«  Reld  sod  in  t«cbuicikt  sdhHili)  (.'oiitlriiis  lb«  opiuiun 
tliat  a  work  of  tbi«  kind  t>hould  be  eminently  prnctica! ;  tbat 
Uio  Rttiii<?nl  who  desires  to  become  a  reli»l>lo  surveyor  uuods 
frequently  to  oiiiiiiptilatv  tbe  v»riou8  surveying  inntrumpntii  iu 
field,  to  solve  iiiniiy  f\ii»i|)le8  in  tb«  dass-rooin.  and  to 
cise  good  judgiiK-ut  in  all  tbese  oiKTulioua.  Willi  tliis  in 
;  view,  therefore,  the  dlfforent  methodB  of  surveying  ai-e  treated, 
direc-tioriA  for  iiRing  tbe  intttrimicnts  are  given,  and  theso  are 
HMpplemcntcd  by  numeniUB  i-xiiiiiplE^a  to  he  solred,  by  rarioUB 
,  Held  exerciscB  to  be  performed,  and  by  many  queries  to  be 
aosiverecl. 

(^IiRptcr  I.  iii  doroted  to  <;hain  Surveying,  in  which  direc- 
tions are  jriren  for  measuring  and  ranging  ont  tineA,  and 
methodei  of  uvercomtng  obstacles,  rceordiiig  field  nutca.  obtjiia> 
log  areus,  and  plotting  a  chain  survey. 

Chapter  II.  treats  of  CoinpaHi*  and  Traneit  Surveying,  or 
when,  in  mIditiDn  to  tbe  chain,  an  inatnjment  for  iDeasuring 
Bugles  i<4  emplo},-cd.  la  ibbi  chapter  tb«  compaHS  and  transit, 
olitnent,  the  adjriHlnients  of  tbeae.  and  auxlliarirs 
lit,  such  »H  tlic  stadia  icircB,  gradienter.  etc.,  are 
folly  illaatrated  and  d4<8oribcd,  and  (beir  u«e9  «boirn.  Jlere 
the  various  methods  of  obiatfiitig  the  data  requisite  to  deter- 
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min«  U)«  arc&,  as  well  as  the  <liffei'eat  methoils  employed  in 
calculating  tlie  contcnl^t  nf  land,  tire  exhilitt(!c1.  TesU  of  the 
BCflliiify  of  a  survey  art'  iuiHca-tcHl.  auuierous  mctliods  of  over- 
coming obstacles,  eu))[>lyiiij;  oiiiissiunH,  <if  mtccrLiiDiiij;  bcighUt 
and  diBtanoes,  of  kee|Miig  th«  field  DOt«fl,  and  of  plotting  a  eur- 
vey  arc  gii'cn,  while  the  uses  of  Uio  solar  atlftphiuont,  in  de[«r- 
mining  thK  latitude  nf  a  »tatioii  and  its  geogi*aplitc  meridian  are 
ext'niplificd. 

The  etudeot  now  having  been  taught  Iiow  to  survey  laodt 
nBing  a  noedio  iiiBtniitK^iit,  should  hocotno  acqiiaiiiU'd  w-itli  thg 
(leclination  of  the  raaguetic  needle,  or  variation  nf  tht>  compaiiN, 
an  It  is  frcQueiilly  oullcd.  This  suliject  la  ati-onlingly  dia- 
cussed  ID  Chajiler  III.  Some  of  the  tables  timl  much  of  the 
matter  m  taken  from  tlio  Rvponn  of  the  I'liitwd  Slates  Coast 
and  Geoiletic  Survey.  The  studeot  will  i\o  well  to  give  thii^ 
cbapter  n  rurefnl  inspei'liou,  •.■^iiminiiif;  Ihi:  tables  and  formu* 
las  and  the  direetionH  for  iletvnniniiig  the  true  lueridiaii.  thu» 
being  prepare<l  with  foettt,  llguroe,  and  tnethorle,  which  will  eo*' 
able  him  intelligently  to  iHid<>rt.a)cp  thn  relrncing  of  oh!  lineti, 
as  well  as  to  estAbtieb  with  cousidcrabiL-  iireclHton  his  geo- 
graphio  meridian,  and  thereby  ohtaiu  the  declination  of  tha 
needle. 

Chnpter  IV,  is  devoted  to  Lnying  Out  and  Dividing  Up  lAud. 
ThiH  Hiiljject  Ih  of  more  {in|iortfliii'e  than  Hotne  Mipjiotte.  eapeci* 
ally  to  practitioners  in  the  older  HtateH  of  the  I'nion,  and  is  here 
treated  very  hilly.  The  princiijal  cafic«  are  exemplified,  ftod 
gciicrnl  dirpplions  and  aiiggotitions  given,  so  that,  it  is  believed, 
with  n  thorough  knowledge  of  this  chapter,  the  student  will  be 
enuMed,  withont  embarrussiueat,  to  meet  tLe  retitiirementa  of 
an  extensive  practice. 

The  description,  adjustment,  and  mm  of  the  Phine  Table  form 
the  Bubjectof  Cliapter  V.  This  instrument  ia  being  employed 
more  fretiuL-ully  than  fuiinerly  in  park  surveys,  iu  deteriijStiing 
positions  in  liarbors.  along  tlie  lines  of  proposed  highway-i.  iu 
"fllling  in"  large  Burv-eye,  and  generally  in  locating  points 
wliere  extreme  aeeiiraey  is  not  required. 
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In  Cbapur  VI.  the  iiyvtetn  rmploved  bj  tbv  goverainent  io 
thf  Survey  of  tli«  I'lililic  LaiiJa  is  swt  forili.  Tlie  de^tcripllou 
Riul  adjustment  of  tlio  Solnr  Compaq,  which  is  used  ijiiilc  ex- 
tlvasivclv  in  Ibesc  siirveii's,  precede  an  sccouot  of  tUe  origin  of 
lite  stypleia,  and  the  leading  point*  in  lh«  •■  IttsLruciione  to  Snr- 
(-eyors-('flnera) "  from  tlii.-  commimtoopr  of  the  land  ofllec.  A 
form  of  recording  tlic  notes  extrncted  from  the  ■*  Inalnietiona" 
i»  also  given,  the  clinpter  closing  with  formulas  and  a  table  for 
dctcnniDhig  the  iiiclJuuLion  of  iiiehiliitott  and  deviation  of  jmr- 
allela. 

C'haiitcr  VII.,  on  ('it\  Sun-eying,  ia  fntm  tlie  pen  of  my 
friend  and  fonuer  colleague,  Frederic  H.  KobinsoH,  C.E.,  City 
Engineer  of  Wilmington,  Del.  This  siittjeet  has  received  frnt 
little  uotice  from  writers  on  aurvcyiliij:,  although  the  need  of 
aoine  »yet«m!>tic  and  pracCioal  treatment  of  it  has  long  hcoa 
reoognize«l.  tt  ttierefore  alTortla  me  mucli  pleasure  to  nehnowl- 
ed^e  my  ludel)U-dne»s  lu  Frofes»or  Rohiiiaon  for  supplyiug  this 
want,  and  so  cnlianctng  thi?  value  of  this  piiliHcation  aa  a  text- 
t)uok.  Kxperieiict)  in  ti-achiug.  uikI  ten  yenrn'  prartit:e  in  city 
ftnrvcya  aiul  improvvments,  cmi»«atty  qiiiLlilV  him  to  »peak  on 
this  impuitanl  subject  with  autiionty  and  in  a  manner  readily 
uud«r»tood  by  atudt?nti!i. 

'I'lie  special  instruments  needed  in  this  branch  of  sui-veying 
are  lUuotrated  and  deicrihvd;  the  adjuatmenl  of  the  Y-love) 
and  du-ectiona  how  to  leivl  and  to  record  the  notes  are  given ; 
tnoro  reOiied  means  of  mcaHuring  hnes  nro  diseusacil ;  teiii[wra- 
ture,  pull,  sag.  wind,  etc..  are  considrred,  and  eorrectioiM  indi- 
cated; best  directions  and  width  of  streets,  together  with  the 
sobjwt  of  grades,  wwcrs,  the  etttabliahmeal  of  pcnnanent 
roft^rcDOe  pointH,  and  adjusting  property  lines,  are  full?  set 
forth. 

To  my  coUego  dosamatc  and  esteemed  fiiend.  F.  Z.  Schet- 
len'ierg.  CE.,  .Superintendent  of  Wosliiiorelaiid  f'oal  Co.. 
Irwin,  Pennsylvftiitn.  I  am  indobtc*!  for  Chapter  VIII,,  oD 
.Mine  Surveying.  Thia  ehaplcr,  though  in  general  esplanntorv 
of  what  ia  applicable  and  |ipciiliar  to  IJii*  branch  of  aurveving. 


includes  dircctiunu  for  riiautog  coatoiira  aud  skctcliiug  topog 
npbj-.  It  i*i  i-epl«t«  with  euj^gcstlotis  Chut  ttIII  be  vnlnet 
wbeOf  by  thu  hUI  o(  tlit-  sLudv  of  mine  workings  themselves  odc 
tlieli- ground,  ill iwtrii.l ions  will  lie  afTord^d  whk-li  othcrwiM,  ai 
draviugs  alone,  caniiot  readily  be  iinrlcmtood. 

The  JiiUii-ial  Fiiuctious  of  Siirvcyore,  ilb  jpvco  l)y  Chitf  Jus 
ticc  Co<)I«y,  are  set  forlli  in  an  App^ndts. 

Tlioee  vibo  atti  fniniliiir  nitli  tlit.'  ek-gaiit  tables  of  lugaritlitn 
of  number*  and  of  wigoiioin«lrleal  fimclions  prepared  by  Pro 
feasor  Wentworth,  will  likclv  recoguize  the  iisc  of  his  electro 
pUtM,  flroo)  which  I  have  bceo  permtttc^d  to  priot  Table*  I. 
in.,  IV.f  ukI'VLI.  To  liim  my  porsoDsl  neknowledgment 
are  due.  Tim  plates  fmcn  nhic-b  Table's  II..  V..  M.,  Vni.,  acx 
IX.  are  print«d  were  pr«|nirvd  expressly  for  tliis  work.  It  i 
tiiouglit  that  tho  four-ptace  tables  of  the  natural  trigonouetri 
CbI  foDCtionii  will  1»  found  vory  iiacfnl  iti  coniioctioii  with  sur 
vejing  and  eogiaiwriug  u|M?riitiotu>.  They  are  believed  to  b 
correct,  baring  been  very  carefully  compared  with  others  whom 
acfurai^y  is  unquestioned. 

Jn  additiou  to  aokiiowledRiDtoU  made  cUtwherc,  I  tafc 
pleasure  in  espresiiing  here  my  thanks  to  Meiurs.  W.  and  L.  K 
Guriey,  of  Troy,  X«w  York,  for  llm  use  which  1  have  be«n  per 
luitted  to  niakt!  of  their  valtiahtc  calnlogue,  in  tin:  descriptioi 
oC  reitaia  instruments,  and  for  (he  loan  of  several  plates  fo 
ti)P  enjtraviiig  of  iustrunicnbt ;  al«o  to  Messn.  Fauth  and  Co. 
Washiugtou,  1>.C.,  nnd  to  Me&sni.  Heller  luul  Rrigbliy,  um 
Meatus.  Voong  nod  Sons,  Phibulclphia.  Ph.,  fur  plates  whid 
they  tdndly  faraiahed  for  Uie  illn»iniliou  of  the  subject. 
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SURVEYING. 


DEFTHinOHS,  AHD  DIVI8I0H  OF  THE  SUBJECT. 

1.  Surveying  is  the  art  of  determiniDg  and  deliaeatiDg  the 
rel&tiTe  position  of  poiats  upon  the  surface  of  the  eartli.  It 
consists  priucipallv  ia  measuriug,  laying  nut,  and  dividiug  land  ; 
in  establishiog  lost  positions ;  in  the  meaBurcment  of  heights 
and  distances  ;  and  in  the  graphical  representation  of  the  pecu* 
tiarities  of  an;  part  of  the  earth's  surface. 

2.  It  may  be  divided  into  two  parts  :    Plane  Sukvetikg  and 

GEODEnC  SUBVETISG. 

In  Plane  Surveying  the  spherical  form  of  the  earth  is  neg- 
lected ;  in  Other  words,  the  portion  of  the  earth  included  in  the 
survey  is  regarded  as  a  horizontal  plane.  This  may  be  done 
irithont  sensible  error  where,  as  in  ordinary  laud  surveying,  the 
operations  are  limited  to  surfaces  of  small  extent. 

In  Geodetic  Surveying  the  shape  of  the  earth  ia  regarded, 
since  the  surfaces  under  consideration  are  so  extensive,  as  in 
the  United  States  Coast  and  Geodetic  Surveys,  sensible  errors 
would  otherwise  arise. 

Rexabk.  The  spherical  excess  of  a  spherical  triangle,  each 
of  whose  sides  is  one  mile,  is  less  than  six-thousandths  of  a 
second.  The  excess  amounts  to  only  one  second  for  an  area  of 
'5.5  square  miles,  each  side  of  the  equilateral  triangle  being 
tiien  aboat  13  miles. 


2  8UEVEYINQ. 

3.  In  the  following  pages  Plane  Surveying  only  will  be  con- 
sidered, and  the  subject  treated  under  the  following  heade : 

Chain  ScBVBnNG. 

COHPASS   AND  TrANSFT  SCRVETIIia. 

Flame  Table  Surveyino. 

GtOVBBNMENT   SuBVETIKQ. 
CllT   SURVETIKO. 

Mine  SmiTETiKO. 

Id  Plane  Smreying  there  are  usnally  three  operations : 

1.  Tfte  Field  Work. 

2.  The  Graphical  Representation^  or  Plot. 
8.  The  Computation. 


CHAPTER  I. 


OEAIS  8UBVEYIN0. 


SECTION  I. 


I 


IHSTRUbfBNTa. 

^.  Chain  SnmyiBg  has  cLicflv  for  it8  otijec^t  th«  dctcmtlatr' 
tivu  of  aivus  from  data  obtained  bv  ilinxl  measurenieDt  of 
distances  between  pointts.  The  iimtrunieutit  iiueded  are  there- 
fore simply  those  for  iiiciuiiiring  lines. 

5.  Otmter'B  Chain,  so  cnlled  from  its  Inrentor,  i»  generally 
UStid  fur  Uiii^  purpusc.  It  is  mmic  of  iron  or  »t««l  wire,  is  66 
fmt  ID  leogtb,  aod  divided  into  100  linkit,  w>  that  each  link,  with 
balf  tiip.  ringtt  punm^ctinti  it  with  the  udjoiuiu^  Imka,  bt  seven 
and  niovt^-tvu  humlri^dtluf  itiolica  (i.ll2),  or  oiic-liumlrc-dlh  of  & 
duin.  SwiTfile  are  iDscrted  to  keep  it  from  twistiog,  aiid  everj 
tenth  link  haa  a  metallic  mark  attached,  so  that  the  uumbcr  of 
(ens  fiDin  either  end  Is  readily  asRertAined.  ItJt  iidvantages  In 
mrveyiog  farms  or  fleldn  are  apparent :  there  being  4640  square 
yirds  in  an  acre,  and  the  cliaiu  22  yards  long,  a  Kquaru  vliain 
will  contain  onc-tc-nth  of  an  acre  ;  or,  there  being  10,00U  square 
links  in  a  »iuare  cliain,  wlik-h  ia  oue-lentb  of  aii  acre,  100,000 
square  links  are.  equivalent  to  nn  aero.  Henc«,  if  the  area  of  a 
flekl  Es  cnlculaleil  in  linka,  the  area  is  at  once  shown  in  acres, 
by  cutting  off  tlic  last  Gvu  ligiin.-tt.  If  the  area  in  found  in 
duioe,  then  uncc  there  are  ten  square  cliaine  in  an  acre,  the 
uea  is  given  in  acres  by  cutting  olT  the  last  llgure. 

6.  A  Tvo-Pole.  or  Half-Chain  is  sometimes  used  instead  of 
Canter's  Chain.  It  is  qiiiti*  convenieDt  for  toeasuriDg  Unee 
irttere  the  ground  is  rough  and  hilly. 


PI^KB  SUBVEVtSO. 

7-  The  Eng^ineer's  Chain  i&  u&cd  iii  surrcying  rtUroMb  koA 
canals,  oiid  guiicially  nliorit  tiXlcEisive  liue  !«iirvcvs  are  beiog 
conducted  ;  henoe  not  tin f rciiiii^nllr  it  is  employed  in  counection 
witfi  these  Hiirreys.  as  well  an  otherwise,  iu  determining  areas. 
It  iu  100  fuut  in  k-ugtli,  tind  l»  dIvideJ  into  100  links,  cvvry 
tenth  liuk  being  marked  by  a  piMe  of  bmss,  as  in  Die  four-)>o]e 
cbtiin. 

8-  The  Tape  HcBann  is  very  convenient  Tor  talcing  offsets 
in  a  aiir^xy,  (or  mi'n*uriiig  the  boundAriex  of  city  lot*,  croe»- 
sectioning  iu  milroad  work,  etc.  Tapes  are  **  metollio,"  or 
steel,  and  mnde  of  vhHoiis  K-iigt1i«,*  —  AO  tuet  or  lOO  feet  are 
commonly  used,  —  »nd  divided  into  feet  and  inches,  or  feel  and 
tenths  of  a  foot.  The  latter  j^radnatiOQ  is  preferable  for  the 
rnilroiid  enipneer,  and  the  former  for  the  city  engineer. 

9.  Eleven  HArkillg>Pilu.  13  or  14  tndieH  long,  one  o(  which 
is  iriftde  of  brflbs,  the  others  of  No.  -1  iron  wire  or  No.  6  steel, 

all  pointed  at  one  ood  and  formed  tuto  n  ring  at  the  other,  are      ■ 
U8cd  in  chaining. 

10.  Straig-bt  Polea  about  8  feet  loi^,  shod  at  the  hottom  with 
a  conical  ifhoe,  {joint  down,  and  painted  alternately  red  and 
white  in  foot-width  hniids.  are  U8cd  to  indicate  the  dtrcctlon  of 
the  line  which  is  lieiug  meanured.  or  tlie  position  of  points  to  be 
located,  t 


SECTION  n. 

A.     CBAININO. 


U.  Two  men  are  required,  a  "leader"  and  n  "  follower,"  or 
Afitd  and  iiiml  clininninn.  The  chain  Ih  flr^t  tlirown  out  in  lh« 
general  direction  of  the  tine  which  it  ia  desired  to  meaauro,  and 


*  Sl«rl  tap«(  iOOO  fcol  in  Ii^agth  have  bc«n  fKiqucnlJjr  ui^  for  ^edal 
purpiinea.     fi«^  Mine  SurveyliVK,  p,  3S0. 
t  St>e  Anick  3S3. 


CHAnnxo. 

examined  nuvfully  to  »eo  if  tlivre  fire  any  Icinkti  in  it,  or  bends 
iu  Uie  linkB :  Uiu  l«ader  baring  the  iDarkiu^-))iDB  in  onv  tiand 
lAkv»  lioM  of  Ihe  fonr&rd  end  of  the  olmiii  with  Uie  other,  ttod 
moves  on  aa  oeorly  oa  he  may  jit<lgR  in  th«  direction  of  the  line  ; 
Uic  follower  places  tlic  r«iir  end  of  the  clinin  nt  Uic  station 
wbenre  tiic  line  ia  to  he  meiLsuri'U,  ilireotB  Uie  leader  by  Bigonls 
as  hv  a{)proacfaos  thi>  cliHin'ti  length  U>  ^H  in  line,  rdiI  ibeo  oalls, 
*'ba]t" :  thrn  the  chain  innat  tie  drawn  tAtit  and  fltmlght,  B»d 
tfav  follower  hoviug  lu»  end  of  tbo  cbnin  prircliiCilT  at  the  starting- 
|>oinl.  calls  out,  "down";  the  leader  tlii^n  thnmta  one  of  th« 

■  iron  luurking-pinfi  iutu  ihe  groumi  bxucUy  at  tbe  eml  of  the 
tb«i»  and  citlls  out,  "down,"  which  is  the  »igunl  to  the  followiir 
to  adranre :  pmrccdiiip  aa  licforc  until  the  aecoml  leiigtb  of 

»rbatu  ia  mcaiiurfd,  whit^b  is  indicutcd  by  the  foUotvvr  L-otniDg  to 
tbe  pin  set  in  tbe  ground  by  tbe  leader,  when  the  follower  cries, 
''bait,"  and  after  placing  his  end  of  tbe  cliain  at  the  [tin.  tbe 
chain   having  been  drawn  tant  and  straight  as   Ijt-fore,  calls, 
''down" ;  the  leader,  as  before,  leaviuj;  a  pin  to  mark  the  end 
of  tbe  chuiu,  rcpcaU.  "dowu"  ;  ttic  follower  then  taki;!i  up  tbe 
pin  first  placed  by  the  leader,  and  moves  on ;  thus  the  party 
proceeds  until  the  un^l  of  the  Hue  i»  macbed,  tlie  leader  plaHnj; 
tbe  pina  at  bis  end  of  the  cbnin,  and  tbe  follower  ^ickiiig  tbem 
vp  at  bin  cud. 
If  tbe  line  ends  with  leas  thiiu  the  Icntttb  of  the  cbaiti,  the 
^.leader  places  his  end  at  the  \Miiai  wliicb  marks  the  cxtremitv  of 
^■Uic  line,  cflll!)  out.  "down";  tlic  follower  Uieu  reiuls  ulT  the 
aambcr  of  linka  between  the  last  pin  and  tbe  end  of  the  line. 
The  number  of  wbolv  ehain'ti  lvn{rLI]  uf  the  line  ia  shown  by  the 
piua  io  tbe  hands  of  the  follower,  8ud  the  number  of  links 
oonnted  off  added  thereto  will  give  the  total  leogtb  in  ehalna 
1 aiwl  linlot. 


12.  Tally.   If  the  line  exceeds  eleven  chains  io  IcnfjUi,  » 

transfer  of  pins  from  the  hind  chainnian  to  tbe  head  cbainmu 

iu  necesMiTT;  this  is  called  tallying^  and  is  performed  iu  the 

L&llowing  raooDcr:    At  tbe  end  of  the  elerentb  drain,  the  bnut 


)iiu  —  tfav  last  pin  left  in  tlic  haniU  of  the  leader  —  U  placed, 
wlien  h«  call  out  "tally":  nt  tliia  Higtml  the  follover  dropR 
hia  end  of  Lbe  cbatn,  aflvaocea  to  tlic  leader,  cotints  over  with 
him  the  ten  iroo  pine  whiirli  he  lias  galht-red  up,  anil  transfers 
Iheui  to  the  leader,  who  then  withdrawn  the  brass  jjiu,  sets  nn 
iron  one  ia  ibt  place,  uud  the  taeusuriug  is  continued  ns  before.* 
Ench  tally  should  be  reoonled,  especially  when  chainiag  vcry 
long  diiitjiacuH,  to  avoid  error  iu  the  linal  count-t  It  is  obvious 
tbat  the  total  length  of  the  line  vill  be  equal  to  the  chniiis  aud 
linlcH  aK  indicated  nhove,  ]>lua  the  number  of  tens  shown  by  the 
tallies. 

13.  The  surveyor  should  guard  i^ainst  error  in  cliaining,  by 
fWK|ucntly  testing  his  cbaio,  to  aec  Ibnt.  U  is  of  the  proper 
length,  —  if  it  has  been  stretched,  make  a  file  mark  showiun  its 
true  loDgth,  —  aud  when  in  a»o,  see  thuL  it  is  drnwii  gtriicght, 
that  the  forvrard  chKinmnn  Rticks  the  pin  in  line  fxwlli/  nt  llie 
en<l  of  the  chniu,  or  at  the  mark  indicating  its  true  tengtli,  and 
aa  nearly  vertical  oa  [xissible  ;  ]  uud  when  obtuiuing  the  uuoilier 
of  links  at  the  end  of  Uie  line.  8««  that  they  are  act  counted 


I 


■  SniDG  lurveyan  uw  oiily  U'li  nutrkiiig-pins.  uul  Inlly  by  marking  Ihit 
end  of  the  uleveath  chain  with  n  ]>cncil,  the  tngvt,  cr  *  scnitcli  on  tht 
pounil,  and  wtirn  tin-  Icci  piim  an.-  trttniifcrrfd  Iu  tlie  Il-biIlt,  aoc  of  ttivm 
U  thnuc  in  tlip  flaco  ttitis  imlicBtvd,  Knd  tiia  work  h  continued  u  before. 

1  In  thuinioK  '"iiK  iIisUdccb  wlitire  llicrv  nrii  ivivnU  tallica,  tbv  Ickdcr 
tuii]  fiillowrr  may,  at  each  latlj,  ctian^  pUc«»,  and  thereby  leMcn  the 
lUbilit^  u>  error  in  ihc  final  4^ount.    Sct^  Artit-lei  Ai>-J,  SbS. 

1  "  It  tiaj  been  touu'd  by  many  triala  if  ilh  as  good  men  u  can  generally 
h»  obt^iniK!,  that  with  two  hcd  ct  chainineri  instructed  alikQ  in  the  prg[)er 
ntanuiTof  ke^piog  tlivircbain  l*>r«l  and  *traiglit  on  the  line,  and  of  Mttiag 
the  tally  pinn  pliitiib,  an  well  en  hotiling  iht'  ends  of  the  chain  to  tlH'in, 
a  dlflL-ri^nci>  hsa  saQietlmci  boen  iusuIl'  of  5*3  links,  and  an  avcra^  differ- 
ence of  1&  vr  16  linlci  to  a  mile  in  cammon  ttmhcTcd  land." — £tirl,"GoT- 
eniment  Surveying."  p,  35, 

Thu  tnrvcyor  nhould  havo  laid  down  by  mean*  of  a  ataiidnrd  itcol  tape 
or  othemi«c,  In  a  coiivenieut  plauc,  and  belwcea  pcrni&ui'iii  uisrki  in  the 
ground  or  on  tlir  floor  ot  a  targv  bail,  tht^  vx^ci  length  of  a  ataiidani  ditia 
by  which  he  could  irtt  hia  ehain  frum,  time  lo  time. 


CHAIHDIG. 


from  the  wrODg  eod  of  Lbe  cbftla,  nor  Uie  wrong  vtij  from  tlie 
brass  mai'k. 

Tbc  pull  OQ  tiic  cbflin,  wboo  in  use,  baa  a  tcadoocy  to  ia- 
creBse  its  length  ;  and  moreover,  since  there  are  a  great  number 
of  wearily  surlavcn,  U  «aeh  of  these  be  worn  by  ati  cxtrotnely 
small  uDount,  lbe  chain  will  be  coDsiderablif  elongated. 

Id  either  the  8urveyoL''i)  or  cogincer'a  chain  there  arc  two 
sniaU  Unks  which  conaect  with  the  two  pieces  of  wire  which 
form  the  principul  part  of  what  ia  calli^c)  the  link  of  Clie  chain, 
thus  giving  six  wearing  surfaces  to  every  liolc;  tfaerefore,  If 
eaeli  of  tliese  nurfaces  wears  onl;  .l>05  of  an  inch,  tlic  chain 
will  be  incrcaHctl  in  longtli  three  indtcs,  so  that  in  tnciusuring 
only  a  quarter  of  a  mile  with  a  four-pole  cbnin,  the  error  from 
this  cause  alone  woiiUl  bo  Jti'e  /«/,•  uiakiug  au  error  iu  area 
of  about  -1.9  screa  in  a  tract  one  mile  siiiiare.  Tills  stretching 
of  the  chain  is  partially  compcn»ato(l  l^y  the  dilllculty,  and 
often  impracticability,  of  drawing  llie  chain  preciaclif  aimi'jht ; 
k&d  BO  long  as  the  chain  Ih  not  elongated  bcyoml  one-tenth 
or  oue-twelfih  of  one  [ler  cent  of  iu  leugtb,  it  may  be  relied 
ou  for  accurate  work.t 

The  tme  length  of  a  line  which  has  boon  measured  by  a  chain 
etrctcbcd  beyond  the  ataodard  length  may  be  found  from  the 
proportion  '■ 

The  length  of  standard  chain  :  the  length  of  cLain  nsed 
: :  the  distance  measured  :  the  true  diHtaoce. 


Tliia  «rror,  it  U  ik^rcclruit,  incn-aio*  diMCtl;?  vritit  ttio  niimWr  of  nppti- 
Calioiu  at  itie  chftin  -.  It  \t  iralU-il  rHuiibWirc.  Thit  vrror  uriaiiijc  from  trro- 
Mou  wtting  of  tlio  pin  ii  tcnnpd  <unfi*nsniivf.  Dial  is,  It  is  u  likelf  lo  ho 
additiv«  m  tubtnhctivc,  and  it  i»  9)10*11  \iy  ihv  Mvtliod  of  Lvmt  S^uan-s, 
itiai  for  ihia  cbM  of  erron  the  iquare  root  of  Ihe  number  of  error*  are 
protably  oat  compcBiatci).  If  (hv  error  in  Mltin^  it  one  iiicti,  in  elwining 
ft  Bile  whh  s  Ouatcr'a  chaUi,  tlic  probable  error  would  bo  V^O  -  sboul 
ViadMt. 

tTo  rvmnro  t)i«  <)iincu1r}-  of  drnwjng  ih«  chain  p^crtly  siraiglit,  ths 
laatriKlioni  issucil  from  tin-  rniiid  Sutcs  Lad^  Office.  1880,  to  florrni- 
■•nt  Su)-veyorf-G«ti«raI,  lUtM  lliat  the  tW  feet  chain  tniiBl  bs  €6.00  1w\. 
6m  p.  901. 
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For  example,  If,  with  a  clmin  «tretch*d  one  liok  over  the 
slandard,  a  line  he  mcnsnred  for  2000  feet,  we  should  bave 

100:  101  =  -2UO0:  iOiO,  the  true  iliBtauce. 

Id  like  mnuDcr,  for  the  nroA  of  a  tract  lucnsurod  with  a 
stretched  chain : 

The  etiuarc  of  the  length  of  the  staDilnrd  chatu 
:  tho  equai-c  of  the  length  of  tbo  chaiu  used 
: :  thff  coni]iiitc[I  area 
:  the  true  area. 

If  the  chain  was  strolchcc)  one  link,  as  In  the  above  example, 
aud  the  area  computed  therefrom  20  acres,  we  should  hare 

100*:  101'=  200  sq.  chs.  :  204.02  eq.  chs.  for  tbo  true  area 
=  |gj  of  the  computed  area,  nearly. 

In  general,  if  ^  =  truo  area,  At  =  computed  area,  L  =  length 
of  chain,  and  r/£,  =  eiTor  la  iu  length  (always  small).  Then 
A:A,=  (L±dLy'iL\ 

Reducing  and  rejecting  (P  ea  m considerable,  there  n^sultH 
A  =  (l±2d)Ai;  or,  the  correctioii  to  be  applied  to  obtain  tbc 
true  ai%'a=!2rfjd,. 

This  correction  is  additive  when  the  chain  i«  too  long,  which 
in  the  usual  cajsc,  Kud  suhtructirc  wbcu  the  chain  is  too  short. 

14.  Tlie  surfaces  to  be  measnroti  are  in  geu(?ral  uneven  and 
broken,  not  pinne ;  but  however  great  the  inequalitiott.  tlic  uifa 
of  a  tiacl  is  considfivd  to  ho  that  part  uf  the  horizontal  iilane 
wliieh  is  intcreepU-d  by  vertical  plau(.-»  throtigL  its  boundaries." 
The  borizoatal  distance  is  tlierefore  required ;  heuce,  when  tlie 


■  A  vcrtjcial  lini-  it  a  liue  illr^ict]  to  ilit^  cctitre  of  ilic  varth.  or  it  it  a 
lino  hATing  a  plumni«t  frrrly  ■unpro^lril  to  i(,  beuI  ni  a  »ut«  of  ret) ;  a 
plumb  line. 

A  vrrlif-nl  plani'  in  a  plane  emlincinft  n  vi-rticfti  line. 

A  lioriitiiilat  tiae  U  •  line  p«tp«-rii!iouIiir  to  a  vertical  linv. 

A  lioricnntal  p!nnc  i«  a  pinnc  iicrpmiJinilnT  to  n  rcriicBl  line. 


ground  slopos,  it  ia  necosaar;  to  raUo  Uk  t)own<liiU  cad  of  Uiv 
cliaio.  ir  tbv  »)lu{ie  in  von!iiderabl«,  only  u  pnrt:  of  the  chaiu 
shoutd  l>e  u«ed.  For  exaiii|ile,  U>  measure  fruru  L  tluwo  ti>  .V. 
^thi*  follower  bokls  one  end  of  the  chain  at  L,  while  the  leader. 
elrelcfaiDf'  tli«  otbcr  towKi-da  X,  taken  na  much  of  it  ns  he  citu 
raise  to  a  horizotital  position  b,  and,  lioldiiig  a  pluiuiuct  there. 
fiz««  the  point  e ;  the  follower,  who  in  now  signalled  to  come  for- 
wnrd.  places  at  c  that  point  in  the  chain  whence  the  pliimiUGt 
wn8  siu{K.>udr(l  to  fix  c,  whilf  the  leader  advamcca  and,  usiiijr 
as  much  of  the  chain  us  (rossihle,  lueatcs  e.  nnd  so  on ;  wlirn 
tbo  end  of  tho  ch*in  in  reached,  a  pin  shonUl  be  trauAferrcd 


If- 


u 


llie  lender  to  the  follower.  Where  grent  accuracy  is  not 
|Tvi{uired.  a  tnarkiug-pia  or  pehhln  may  be  drtippetl  to  indicate 
ibc  poiolH  c,  «,  rte.*  To  lucutiiru  up  hill  fn>[n  N  lo  Ij  is  It-sa 
.wcurate,  on  account  of  the  diftioolly  experieooed  by  the  Ibl- 
'lower  in  hohtin^  hi*  cud  of  the  cliAiu  at  the  points  A,/,  d,  etc., 
I  ovnr  tlicir  counter  parts,  i.  g,  e.  etc. 

A^Titrn  chaining  stcvp  hills,  especially  if  thi-oogh  a  wood  or 
bver  roiigh,  rocky  ground,  the  work  iimy  he  greatly  fncilitnted 
by  an  extra  chainrann.    lie  m.iy  agelst  in  g«tting  line,  straighten- 
ing ihc  chain,  noting  the  points  c,  «,  otc-,  marked  by  the  iduinb 
['bob,  and  other  dutiee.f 


*  If  la  connection  iriifa  the  chalo  a  Burrey  U  being  maili.'  with  an 
tnAtminral  tariBeaEiiriivanglM,  —  wrCtcul  ani]  hurUuiital, —  llie  incliim- 
lion  of  a  (lopo  may  be  obaiiTT^,  and  Ilic  Ivnglh  uC  It  oivoturcJ:  dim 
ike  horijtuaMl  ilisiancc  rei|Uin:il  nill  be  «ri)iiiil  to  tin-  mensural  diiumcc 
mii)tipli«d  hy  1h»  naturitl  cwine  of  the  an^le  of  tncllnaclan. 

1  For  cxlrenie  tixanvy  m  nti-acurini;  lines.  »ti-  Cl»pt«r  VII.  Article 
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EXERCISES. 


1.  Set  two  marks  on  gentljr  undulating  ground  and  about 
1000  feet  apart,  ttni  mcAsiire  forward  and  back  between  these 
points  several  times  ;  tbe  ftame  part;  oLce  at  least  each  way. 

i.  The  sauie  between  points  on  hilljr  and.  if  possible,  bosh 
land, 

S.  Chain  down  a  steep  bill,  and  chain  up  bctweoD  the  same 
poiuts. 


a    BANOmO  ODTT  LINBB. 

15.    If  in  chaining  any  line,  as  LX,  from  L  txiTrnnl  AT,  a 
at  A'  cui  be  CfHistasUy  itecu  t>.\  tlic  rear  cliaiumiui,  lie  can  keep 

tbe  leader  in  line  hy  ranging  him  with 
If  JV  tlic   flfig»tnff  at    .V.     If.   howorer,   a 

hill  intcrvcDCfi.  a  vallev.  or  brush  or 
woodland  intcrfi-rring  trith  llie  lUignmvnl,  then  tiic  line  must  be 
fiTBt  ranged  oui  or  points  dctcvmiDed  iu  it  before  the  cliainiDg 
can  be  performed. 

16-  Ban^ag  oat  a  Line.  To  range  out  a  line  recjuircs  tliree 
pcivoas,  each  lisving  a  rod  cigbt  or  ten  feet  long,  and  a  plum- 
met  to  indicate  when  his  rod  is  vertical.  Calling  tbc-sc  men 
^'1,  By  and  C,  and  supposing  A  and  B  iu  the  line,  C  goes  for- 
ward, and  sightiug  back  lo  A  and  B,  puts  bis  rod  iu  line;  A 
then  adrances  IwyorKl  C  aud  sets  hia  rod  in  line  with  C  and  B ; 
next  D  advauceti  uud  placed  hi^  roil  in  line  with  Caud  A,  and 
80  on  tlic  line  may  be  extended  any  desired  IcDgth.  If,  as 
fnK)ueally  is  the  case,  one  of  the  party  lia^  had  more  experi- 
ence or  is  naturally  bettor  qunliGed  for  sighftTUf  a  line,  tbe  best 
results  would  be  obtained  by  Duch  an  one  netting  all  the  rods; 
for  example,  C  would  place  bia  rod  in  line,  then  call  up  A,  to 
whom  be  would  turn  over  the  rod  Just  ect,  and  f!;o  forward  to 
linu  the  next ;  after  which  call  up  B,  exchange  roda  with  bim, 
and  80  on. 


BAKOIKO  OUT  LINES. 
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17.  Onr  a  Hill.    To  fix  poiota  in  a  line  over  a  hill,  both 
ends  of  which  are  Tiaible  i!h>m  points  near  the  sammitf  proceed 

IS  f dlOVB  : 


Jf 


D 


•E 


Place  a  flagstaff  at  L,  another  at  2f.  A  man  at  E'  signals 
one  at  D'  in  line  with  L ;  D'  then  directs  E'  to  E"  in  line  with 
JV;  and  so  on  atternatel;,  DOtil  the  men  are  at  D  and  £  in  the 
UneZ,^. 

18.  AorOH  a  Valley.  To  locate  points  in  a  line,  the  ends 
of  which  may  be  seen  from  each  other,  but  which  are  separated 
by  a  wide,  deep  valtey. 


Fix  a  point  C  in  line  with  LN;  then  a  man  holding  a  plumb 
line  at  C,  and  sighting  N  can  direct  the  setting  of  the  stakes 
^V  K  ^f  *nd  others. 
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19.  Throngh  a  Wood.  In  ubuiniog  tliroagb  a  wocxl  or  thick 
brush  land,  wli^ie  ttie  ends  cannot  be  seen  front  eacli  oUier,  a 
liDc  *  i»  lUL'n^^urt^^cl  as  oeurly  uti  ninv  he  in  tli«  direction  of  tbe 
desired  line,  and  stakes  driven  tverj  two  or  three  chains,  or 
oft*nev  if  nec€»sarj.  When  tlic  end  of  llie  line  is  reacbed,  the 
(listjincQ  to  llio  corner  is  incii^urud,  and,  by  pm|X)rtion,  the 
ainoiint  to  move  each  stake  to  bring  it  into  line  is  dctenuiucd. 


,•  •  n-f  *  V  n  *^po  :^ 


^ff  <*  V 


iii^l!\* 


OOfis* 


l?^o^ 


For  esample,  let  /.JVbe  the  true  line,  and  /.iV  the  measnrecl 
line;  c,d,  e.  etc.,  poiuta  three  cliuiui;  nijnrt.  Xow,  if  the  length 
Ly  eqniils  17.40  chains,  and  ^TjV  racoBured  at  right  angles  to 
L2f  =  35  links,  LNf  will  equal 


and 


XJV'(I710  linke)  :  JVA-'{35  link») 
=  Xjr   (lo001iuk«):5(?    ;30  linkd)  ; 

or  .10  links  from  g  ut  right  angles  to  7^^'  will  indicate  tiie  posi- 
tioD  of  O,  a  point  in  the  trne  line  LN. 

1740:35  =  1200:24,  tlio  distunee/P, 

1740:35=   900: 18,  tlie  distance  «£; 
and  BO  on. 

Or,  after  Uncling  the  first  dtst&ncc  to  set  off,  either  gG  ur  eC, 
tbe  others  are  readily  obtained  hy  taking  a  i>roportional  pail 
of  this  diHtiinee.  uhovF-n  by  tlic  ncrcral  divisions  of  the  line  thus ; 
gO  represents  the  fifth  divi&ion,  fF  the  fourth,  eA'  the  third, 
and  BO  OD ;  henoo,  If  gG  is  30  links,  >T  will  be  |  of  80,  or  24, 

*  Culled  n  rcnJvm  iint  or  trial  hnt, 

t  If  the  di»liLiice  A'.V  it  a  iTniill  per  cent  of  the  toUl  Icn^lh  of  the  Itne, 
Hie  *hurrc<t  (imtnneo  fceiwcen  ihi*  c-Ddi  of  tlie  tSnti  majr  bo  taken  tor  AW, 
and  tlie  length  of  tbo  mouuied  lino  for  that  of  tiie  true  Uoe.  Bee  Article 
177. 


aBTTIKG  OFF  PEBPESDrCTLABa. 


links ;  «£,  |  of  SO,  or  18 ;  dD.  }  of  30,  or  12 :  and  cC.  \  of 
8U,  orU  links. 

EXERCISES. 

1.  Let  eacli  sUideuL  niDgu  uut  a  line  of  several  hnndred  feet, 
KtUoK  nil  Uic  poli-tt  forwaitl,  anil  hnck  ftgain  to  the  etartiti));- 
poioti  AOd  on  different  kinds  of  grouoJ,  uatlulatiog,  billy,  tuid 
boftby. 

2.  Measure  a  line  Uirotigh  a  wood  or  rrbcru  tbc  cotlii  01*0  not 
visible  from  cnch  other.  Snt  flt^ikc!),  ns  indtoAtcd  in  Article  19, 
is  the  tniff  line  sno  feet  u[)urt.  S'oe  liow  uvar  tli«»«  HLakes  ara 
plwwd  In  line  by  ranging. 


O.    aBTTINO  OFF  PBRPENDICOTjARS. 

To  tree/  a  ptrpendicHiar  itl  «  yii'^n  paint  in  a  tine. 
Lvt  J/^V  be  tlic  given  line,  and  F  \be  poiut  nt  wtilcb  tt  Is 
dettired  to  erect  a  perpen- 


diailar.      Since    u    triiuiglo 

Efurmcd  of  tliv  sittetiS.  4,  uml 
((  or  any  multiple  of  theoe, 
«UI'  ooDtaiii  11  Hfritt  nngle, 
we  may  take  parts  of  a  rtiaiii 
repn'scntiug  Llivflc  diftlinit'L-s  ,u 
or  iDulti]>lcs.  Iinving  tlit-  uu> 


0 


•jr 


gle  mode  by  the  shorter  aides  at  /*,  and  set  off  a  perpendicular 
to  a  given  Hue.  Uitw:  Fti>«Ien  one  end  of  the  I'liaiu  :it  A'.  :tO 
links  from  P.  the  end  of  the  ninetieth  link  n.t  /':  thi.'n  wtit-n 
both  partfl  of  tlic  chain  nru  drawn  ttLraii^ht  hy  a  pull  at  the 
fiflictb  link,  llie  end  of  that  link  will  intliiitlt-  tliv  |K>int  O  which 
if  ooooectod  with  P  will  give  the  perpewliciiliLr  required. 

21.    J/  tJu  fufrpifnftlrular  in  to  be.  nf  rnnsiderable  lengifi,  then 

•»  gmiter  length  tlian  /'O  =  40  links  sbmild  be  used,  ntid  the 

fullowinf;  mctlnxl  would  be  bi-tter;  Fasten  one  end  of  thr  chnin 

at  /*,  (tnd  with  the  eightieth  link  describe  en  arc  be;  measure 
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PK=  60  links,  and  with  £"  as  a  centre,  and  with  a  radius  =  100 
links,  the  whole  length  of  the  chain,  describe  another  arc  de ; 
the  intersection  of  these  arcs  will  give  the  point  O  required. 

22.  Another  MetJiod.  With  the  whole  length  of  the  chain  as 
a  radius,  ancl  P  as  a  centre,  describe  an  arc  a& ;  locate  K  a 
chain  fh>in  P,  and  with  the  same  radius,  and  with  a  centre  K^ 

aO 


«■-,<?/,.-* 


M. 


TS 


describe  an  arc  cd  cutting  ali  in  Q;  extend  KQ  to  0,  so  that 
OQ  =  QK,  then  will  OP  be  the  perpendicular  to  the  line  MN 
at  the  point  P.    Why  ? 

23.    To  let  drop  a  perpendicular  on  a  line  from  a  given  point 
without  the  li  k. 


M 


R^ 


T-t 


S 


v 


First,  When  the  point  is  accessible. 

Let  MN  represent  the  line,  and  P  the  poiDt.     With  a  length 
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cr  cbftin  Bomenhut  greater  than  POt  describe  ad  arc  cutUog 
My  io  tbe  |K>iDt8  H  aud  K.  Witli  ccntrcB  Jl  and  A',  ami  nay 
ndtas  greater  than  the  half  of  RK,  describe  arra  intersecting 

I  in  Q.     A  line  drawn  from  P  to  0  in  the  direction  of  Q  trill  be 
the  perpendinilnr  i-equircil. 

If  the  point  is  at  /"  at  or  nearlir  0|)]>o»itc  one  end  of  the  UnOf 
nteod  tbe  lia«  if  it  be  possible  to  S'  until  a  sufflcient  distance 

,  is  obtain*^  (o  dl^8Cribe  the  arcs  required. 

34.    Or  if  it  is  impraotioablo  to  prolong;  the  line,  aa  in  tbe 
figure,  wbore  a  pood  of  ivuUir  pn^veDta,  proceed  ae  follows : 


Extend  the  cbuin  or  any  convenient  portion  of  il  from  P  to 
[tny  iK>iiit  Jt  io  tbe  line  KO,  Fix  tb«  middle  po\nt  of  HP,  as 
[X,  and  with  this  on  a  centre,  nnd  n  mdiufi  MP,  or  its  (-(jiml  ^fR, 

describe  at)  arc  cutting  the  given  line  io  0.    Join  PO  for  the 

perpi-udioular  required.* 

35.    Second,  When  the  point  i»  tnnccemUe. 

Let  P  be  the  given  point,  aud  LN  the  line.     At  any  conven- 

BDt  point  Q  in  Uie  line  LX  erect  the  perpendiculars  QO  and 

\^R  of  eqtinl  length.     Ix>cnte  Kin  the  line  PO  auil  T  in  the 

lia«  RP;  then  if  a  point  S  be  found  nt  tbe  inlcreection  of  the 

*  Tfaa  aaalii  SOP  is  nwratuivt]  by  oii».lialf  h  )t<tiu-cLn;unifffTvncff,  and  i* 
llhmfnre  a  rigfit  nnglfl. 


26.  Optleat  Square.  To  set  off  pei-|)«iiili<:ulura  trom  ft 
tinu,  uii  iii)«ti'iiiiK'iil  cftllod  tbe  optical  ai/uare  may  li«  uts«d.  It 
is  n  ^mal)  t^vlinil ritual  tiox  contaititng  a  minor,  from  tb«  ujiper 
half  of  wliicli  the  MivL-riDg  is  ivmoved.  The  glus  is  placet)  so 
us  to  mnke  hulf  »  right  nuglc  vritli  the  line  of  sight,  beaoc  tno 
ob}ecta  seen  in  it,  the  one  hy  direct  vieion.  and  the  other  b; 
relleL-tlou,  Kiititond  nt  the  point  of  ohservutlon  a  riplit  iirii;lp. 

Or  thp  s%irrfjj'jr')i  erosa,  which  is  niiiiply  two  pairs  of  itigtito 
set  at  right  ntiglcs  to  each  uther.  and  siip[Kjrtcd  u[K>t]  a  Ataff.* 

D.    BUNNINO  PABAU^BLO. 

27.  Through  a  given  point  to  run  a  jxiralM  to  a  given  Hue, 

the  paint  and  line  both  being  atxesaible. 


■  Whllir  Ihcw  initrumcnt*  mty  b«  finplojwd  in  i;hR.in  tarvejiitg, 
ncitfavr  at  tliom  is  usi-il  In  llie  ori)iiJ*ry  pnivlkv  of  »  aurrvygr.  a*  pcrpcii' 
dIcitUrfl  >ra  rxprditinutlr  Mrt  otT  br  m'.-nni  of  tlic  rninpa**  or  crniiijt. 


BUMNINO  PABALLBU. 
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Let  LN  represent  the  line,  and  P  the  point.    Let  drop  a 
perpendicular  PO,  and  at  some  other  point  K;  erect  a  perpen- 


R 


K 


N 


dicnlar  KR  =  PO.    A  line  drawn  through  P  and  R  will  be  the 
parallel  required. 

28.    Otherwise.    From  any  point  0  In  LN  run  an  oblique 
lice  to  the  point  P.    Through  any  point  R  in  PO  measure  a 


M 


.N 


line  JfQ,  bo  that  RQ  = 


MRRP 
"    RO 


A   line  passing  throogh 


PQ  will  be  the  parallel  required. 

If  R  he  taken  at  the  middle  point  of  OP,  and  QR  be  made 
equal  to  MR,  the  direction  of  the  parallel  PQ  would  be  shown 
atoQce. 


a.    OB8TA0I.SS  TO  AUaNUBHT. 

29.    To  pniong  a  line  token  an  obatade,  as  a  tree  or  building^ 
prevents  direct  sighting,  we  may  proceed  as  follows : 


y 


u 


R 


By  PeTj)endicular8.     Let  LN  be  the  line  which  it  is  desired 
to  prolong  past  a  building  B.    At  two  points  O  and  N  in  the 


FLAKE  SUKrKYINO. 

line,  aet  off  equal  perpendiculiirs  iV/*  aud  OM,  of  siicb  length 
thut  »  Hue  MP  tliroiigli  Lliese  may  be  exitiuled  past  the 
ob&tacle  to  some  [mint  A'.  At  R  and  S  set  uff  perpendiculars 
to  X  and  Y,  of  tbc  HAiue  Iciigtli  as  bcfurc,  at  O  aod  ^,  ami  join 
XI";  it  wiil  be  the  prolongation  of  LN. 

30.  OtheTwise :  bt/  Equilateral  Triattglea.  On  ^X  the  line 
to  be  prolongtrd.  take  u  distaui-e  ON  an  a.  ba«L',  auJ  construct 
on  it  an  equilateral  triangle  NOP\  exteiid  tlie  side  O/*  to  some 


O 


A*l 


>X 


point  Q.  Describe  an  equilateral  triangle  QKS,  and  prolong 
tbe  aide  QR  to  l',  inalciug  Ql'=  QO;  finally  the  cuustruction 
of  the  equilateral  triangle  VXY  will  give  XK  the  direction 
sought. 

p.    OBSTACLES   TO    MBABDBJIUHINT. 

31.  rz.  WlifD  Both  Ends  of  the  Line  are  Aooesaible. 

B;f  I'erycndiculara.  For  example,  if  it  is  debited  to  meaaure 
«ne  Bide  of  n  field  or  fsrin  nhcrc  a  fi'tico,  hedge,  or  bushee 
prevent  chaining  on  tlie  line,  set  olT  perpendieiilarfl,  and  mcssuro 
the  parallel  line. 

Let  /,i\'repn.-seut  a  line  vrhidi.  on  act-ouiit  of  ft^oce  aud  brush. 
it  is  impritctivable  to  make  the  tneiksureraent  exactly  on  the  line. 


OilS-TACLKd  TO  MKASfttEMENT. 

Erect  at  L  aaii  jV  perpendiculars  LI  ami  Sn,  of  equal  nnd  sulU* 
cient  leugtb  so  tliAt  ft  line  coitiicctin^  /  antl  x  will  clear  the 
ottstraction.  Mutbtum  lit ;  it  will  be  llie  leogth  of  the  required 
line. 

38.  b.   Wben  One  End  la  InaccMaible. 

Bs  Stftametriaii  Triaiiyirji.  Suppuoi-  LP  the  line,  P  the 
inacceauble  eod,  visiblv,  but  on  tli«  opposite  Ijuuk  of  «  riv«r. 
HeBHura  from  nay 
point  iVnenr  the  river, 
in  a  direction  diverg- 
ing from  its  bank  to  , 
H,  tnakiDg  yj  =  IJi. 
Tbroiigh  aiiT  other 
point  .V.  in  ibe  lioe 
LX,  niL-n«ur«  UiroHgb 

/  lO   A'.  !K>  itf  /  =  IK. 

ir  n*iw  a  point  O  ite 

found  ill  the  prolongn-  

tloa  of   SK.  and  in        ^ 

line  with  /  und  J\  RO  ma.v  be  mewured  aud  takea  for  tlicir 

diftlAnce  .V/'.« 

33.    Otftertcise.      Mcasnro  from  tbc  line  the  perpendicular 
liPi   erect  «t  7*  a  perpendicular  to  -^ 

P?r,  and  L-xtentl  it  to  a  |K>iut  M  in  tiie  ^_ 
prolooKftlion  of  I..V.      Measure  iJ/; 
then  the  proportion 

ML :  LP=  LP-.hH  fh- it 

PU 


givw 


LK= 


in. 


•  Tlie  fltudent  will  *1idw  that  ROl  and  XIP  are  ajminietrtcal  ulanglei, 
ta4  SP  ami  AO  are  hAmoIapiu*. 
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34-    c.     When  Both  Ends  are  laacoessibl*. 

By  A\v'nni«nWt/  TnirnyU-n.     Let  L^  be  the  line,  the  length  oT 
which  it  19  requirwl  to  ik'tt'imine.     Take  any  point  P,  roeasure 
1*0  and  P3f,  and  tiiid  bj^  one  of  the  precediDj^  methodH  OL, 


Ut 


J?-" 


«■-•--. 


Jtf^.  and  hence,  the  total  length  of  PL  and  /*JV.  Now 
points  7£  and  Q  In  Uie  linos  /'A  and  >'JV  respectively,  so  that 
P/i :  PQ  —  PL :  Py.  and  measure  ^Q  ;  then  the  required  line 
LN  ma;  be  calculAted  by  the  proportion  PQ ;  PX=JiQ :  LN. 


a.     MBE&SUR&MBNT  OF   HEIOHTB. 

35.   To  measure  the  height  of  a  tree  or  a  fiag-staff.     I*t  BC 
repcetieat  the  height  reiguired.     At  a  poini  O  set  up  a  staff  of 
Q  a  known  hei|t;ht  so  tlinti  with  ihccycat^, 
C  and  E  will  bo  in  line  of  sight;  mensiirc 
y        AD  and   DB;   then   tlie  similar  Iriaugks 
ADE  and  AliC  give  the  proportion 

AD:VE=JB;BC. 


/ 


O 


Wlieace 


BC  = 


DExAB 


BXJSBCtSBS. 


ai 


i 


EXAMPLES. 

1.  ir  tbe  hciglit  of  ft  stftflT  U  4  f««t,  and  the  dUtiuicc  from  U 
to  a  tree  =  80  feet,  AD  being  -1}  feet,  wlint  is  tlu!  lietght  of 
Uu-  lre«?  All*.  77)^  feet 

QiTCKtEs.  If  the  height  of  tlie  ttuff  Is  equal  to  AD,  the 
IcngtU  of  neither  being  known,  sini)j|y  the  distance  AB  given, 
coiiM  the  hcigiit  of  the  tree  be  nsccrtiiiHcrl  ? 

If  the  ratio  of  the  height  of  the  Htaff  to  AD  ia  known,  bnt 
tot  iii«  ab^lute  letiuth,  could  the  rcKjuirt'd  hciglit  be  fuUDd  by 
simplj  meaenrtiig  AB? 

la  Cbis  method  applicable  on  other  than  liorizoata]  ground? 

2.  A  liberty  pole,  whoso  height  waa  90  feet,  standing  on  a 
borizontnl  plane,  wss  hrokeo  ofl,  »ud  Did  extremity  uf  the  top 
Btmrk  the  ground  2fi  feet  from  the  bottom  of  the  pole.  Be- 
quired  tlio  length  of  tlie  broken  part. 

EXERCISES. 

1.  Sot  s  Stake  40  feel  perpeudiculaily  distant  from  a  given 
St  in  a  given  lino. 

2.  Through  a  given  i)oiut  50  feet  from  &  given  line  run  a 
I>arallel  120  feet  in  length. 

3.  Prolong  a  line  heyond  a  hou»e  or  other  obstacle. 

4.  Measure  the  width  of  a  mtrcam  or  pond  without  croeaiiig  it. 

b.  Rnu  a  line  to  the  Imtik  of  a  stream  or  lake,  and  let  fall  a 
[Nrrprndicular  on  the  line  Dear  its  extremity  IVom  a  given  point 
wiihout  it. 

fl.  Heasuro  tb«  height  of  a  Wee,  Hagatalt,  or  church  spiro. 


22 


PLAKK  SURVEY  INO. 


SECTION  rti. 

BECOSDINO  THB  PIBLD  NOTES. 

36.  Tbe  Field  ISotn  should  be  kept  in  a  u«at,  codcIbc,  and 
iDtolli^iblc  inrttiiK-i',  cxliibitiug  a  coiupIcl«  Kcord  of  tiie  work 
(lonti,  nnd  tho  uit'lliod  nt  lining  it,,  8o  thiLt  n  Kiirvcyor  uonc- 
quainted  willi  tbe  wurk.  and  liai'ing;  tbt!  reciord  before  him, 
could  make  a  pli>t  of  tfii*  trHtt.  or  go  on  iLt  field  and  readily 
ascertain  the  position  of  any  point  indicated  in  the  notes. 

Either  of  two  methods  ta&y  l>c  employed,  or  a  cotabinattoa 
of  th«Tn. 

37.  8k«tcll.  One  is  to  nuke  a  sketch  of  the  tract  aa  the 
8urvpy  progieBsps,  writing  the  lenjrth  of  each  Ihio  and  imlicatiog 
tlie  tnteraectioD  of  fences,  ru;id!i,  strtanis,  etc..  aa  shown  below. 


-40].. 


%M 


njo 


C»^ 


D 


13JJ0 


For  BiirTP.ving  a  field  or  small  tract  of  land,  tbie  U  a  good 
method,  but  if  the  tra«t  is  large,  many  sided,  and  oumorous 
points  to  be  noteU  in  and  near  the  Bkle-liiies  and  diagonals,  it 
would  bo  ditticult  If  iioi  iin|)os8iblu  to  di^ciphL-r  the  sketch  on  a 
page  of  the  ordinal^  fleld-book,  and  to  make  an  intelligible 
record  of  the  woi-k  would  rciguirc  a  book  or  sheet  inconveniently 
large  to  carry  about  the  field. 


RBCOKDINO  THE  FIELD  NOTBS. 
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38'  Colnnuu.  A  method  wliich  will  answer  as  well  for  com- 
plex as  for  Bimple  surveys  consists  in  drawing  two  parallel  lines, 
about  an  inch  apart,  extending  from  top  to  bottom  of  the  note- 
book,  and  near  the  middle  of  the  left-hand  page.  Between  the 
lin^B  the  distances  and  stations  are  to  be  recorded,  commencing 
at  the  bottom  of  the  p^o  and  prcceedini;  upwards.  Roads, 
fences,  streams,  etc.,  should  be  represented  on  either  or  both 
sides  of  the  column  as  they  naturally  appear.  The  record  of 
the  measuremeute  OD  any  line  being  referred  to  the  beginniof; 
of  the  line. 

The  right-hand  page  may  be  nsed  for  sketching  any  part  of 
the  survey  to  further  elucidate,  where  necessary,  the  work  done. 

A  station  is  indicated  by  a  triangle(A)pr  acircle  (O).  If  the 
station  is  at  the  end  of  a  line  it  is  usual  to  name  it  by  the  letter 
or  number,  designating  that  corner  as  station  A  or  station  1,  and 
the  line  extending  from  ^  to  S  is  called  the  line  AB,  from  4  to 
5,  the  line  4,  5  ;  or  a  line  may  be  designated 
by  its  length ;  a  line  that  is  3  chains  and 
52  links  long  would  be  referred  to  as  the 
line  352. 


F.S. 


A  false  station  is  a  point  in  a  line 
whence  other  measurements  are  to  be  made 
either  to  the  right  or  left,  and  are  desig- 
nated by  enclosing  in  a  curve  its  distance 
from  the  end  of  the  measured  line,  or  by 
writing  F.  S.  opposite  that  distance,  as 
per  margin,  which  sliows  that  there  is  a 
false  station  at  a  distance  of  3.62  chains 
from  A  on  the  line  AB. 


A  fence,  brook,  road,  etc.,  intersecting 
the  measured  line,  should  be  drawn  so  as 
to  indicate,  as  nearly  as  possible,  its  inclination  thereto,  but  not 
as  a  continuous  line ;  the  ends  on  each  side  being  directly 
opposite,  as  at  4.58  and  5.26,  so  that  if  the  vertical  column 
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4.58 


S.26 


were  to  vaaish  by  tbe  two  lines  M2f  and  OP  coiDcidiog,  the 
fence  or  creek  would  be  showD  as  coDtinuous. 


When  tbe  record  of  a  line,  aa 
MN,  is  complete,  and  the  meas> 
urement  is  continued  from  N,  a 
horizontal  line  is  draws  across  the 
column  as  shown  is  the  figure. 
But  if  the  survey  closes  at  the 
end  of  a  line,  as  at  O,  or  if  for 
any  reason  the  work  is  to  proceed 
from  some  other  point,  ttco  lines 
are  drawn  across  the  column. 

A  mark  (f)  or  (P)  placed  at 
the  beginning  of  a  line  indicates 
by  shape,  as  well  as  position, 
that  the  line  along  which  it  stands 
bears  to  the  right  of  the  pre- 
ceding ;  the  reverse  position  of 
the  angle  (^  or  1)  indicates  a  turn 
to  the  left. 

In  the  figure,  MN  bears  to  the 
right  of  KM,  and  NO  to  the  left 
of  AfN. 
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Tbe  record  of  the  survey  sketched  id  Article  37  would  be 
represented  by  the  column  method  as  follows  : 


S 


A 

ass 

E 

/ 

E 

9.60 

D 

y 

D 

18.00 

C 

y 

^=^ 

C 

11.35 

S-TS 
B 

— 

B 
12.50 

e.00 

— » 

jj^ 

D 

18.M 

1 

NJ 

A 

Q 

A 
15.00 

*_ 

C 
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SECTION   IV. 


UAPPtNO  AND  PLOTTtNa. 


39-  A  Map  of  a  sui-voi;  ia  a  conttct  re[iref)cntation  or  copy 
of  itie  tiUL't  survuyed.  exUibitiiig  uol  ouly  its  bouiidurios,  ronds, 
streams,  eu^,  iu  n-lniivi.-  iliiiiouiiioutt  nad  positioiw.  but  also  ibe 
trregiilnritip8  amL  aiiiiearnnce!)  of  iL»  hurfnce. 

A  Plot  (or  Pint)  is  &I1  outliue  map,  is  which,  in  gcoeral,  ooly 
lliR  hoiitHl.irios,  rrindtt,  Ktroiims,  nnd  imjKtrtiint  lines  arc  delin- 
eated, but  no  atU-mpt  is  madi*  to  indipnte  thi>  tfipn^)-aphy  of  the 
tract.  Til*  itiirveyor  usually  itialcMi  a  jJ.al  of  a  fiold  or  ferm 
survey.    The  civil  c^ngineer  timkcs  a  map  of  a  proposed  raiti-ood. 


iNSTRtTMBKTS   CSEFITL   FOB   MAKIKO  A   PLOT  OF  A  ClLUN   Sua\-ET. 

40-  Drawiog-Bonrd,  T-Squaro,  Tt'lacigleB,  Divident,  Scale, 
Iliftwing  Pen  and  Pencil.* 

A  Drawing-Bacird  U  a  rectangular,  Emootli  boari)  to  which 
Itic  pupor  (kat  i»  tu  eoiitaiu  the  druwiug  m  (nttU'Lii.'d.  Thvre 
are  two  patterns:  one  consists  of  a  frame  of  vralnitt,  or  otli«r 
Imnl  wockI,  with  u  dcl«cliat»k>  t-eutra  of  soft  wbim  pini'.  The 
paper,  which  slioiild  he  itomcwhiit  larger  llinii  the  dctachahle 
c:cutrv,  bciu|;  moislcnci)  nud  laid  on  It,  Itccunies  well  stretched 
when  the  part»  of  the  buurd  arc  buttoned  to^vthcr  nod  the 
pap4^r  dries.  The  other  is  simply  a  rectanptilor  white  pine 
boanl  made  of  ttovend  piooe*  of  wood  laid  in  dilTereiit  direc- 
tion* to  prevent  warping.  Both  patterns  are  made  of  varion* 
din)cn»ionii. 

41  A  T-Squtire,  us  its  name  indicateB,  is  a  aquare  or  ruler 
with  a  ei'o»H-pi«ce  or  head  at  one  end,  gi%'iii}:  it  the  iippeariint-e 
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H  OU"l»J 

I  Birai 


of  a  letter  T.  Tbere  are  two  pattems  of  these,  ODe  nith  a  head 
fixed  at  right  augks  to  tliv  ruler  or  bludt- ;  tliu  ulUcr,  iu  additiua 
to  the  pci'inftaeiit  head,  lm«  «uotli6r  iicad  nttiu-'bcd  to  it  with  ft 
cUmp  Bcrcw,  so  that  hy  properly  selling  the  movnhlc  liend,  lines 
of  nny  desirnd  iiictinatimi  may  lie  drawn.  The  hla.cip,  boing  long 
and  thin,  should  be  te^u-d  occaj*ioiittlly  by  inuans  of  a  metallic 
straight  edge  or  aunther  T-square  to  see  vrbether  or  iiot  it  is 
perfectly  stiaiglit.  Tlie  poiTcttneas  of  the  angles  ebould  also 
be  tested  ;  this  may  he  done  an  indicated  in  the  next  article. 

42.  Triangles  are  made  uf  hard  wuuU.  rubber,  or  metal .  and 
are  either  solid  or  have  an  open  centi'e.  The  angles  are  uanally 
SO,  60,  aiKl  i>(i  tlogrocs,  or  A^,  4d,  and  DO  degrees,  aud  tlia 
lougeat  side  rarely  exceeds  12  inches. 

The  T-sqiiare  and  triangles  are  frequently  employed  together 
to  drair  parallels,  perpendiculars,  and  niaay  of  the  oblique  lines 
of  a  plot." 

The  Hides  of  triangles  should  he  testpd  occftsionally,  to  see  if 
tliey  are  straight,  by  placing  them  against  the  edge  of  a  mctalHc 
straight  (Mlgv. 

The  right  angle  may  be  teeted  by  placing  one  of  its  aides 
l^alusl  n  straight  edge ;  mark  the  direcition  of  the  other 
,  reverse  the  triangle,  but  bring  the  same  side  against  the 
straight  edg*!,  and  having  the  right  angli;  at  tbt  same  point  as 
before,  mark  the  side  again.  If  the  two  marks  coincide,  the 
angle  Is  right ;  othcrwiHo,  it  is  not. 

When  correct,  the  right  angle  nf  ihe  triangle  may  be  used  to 
test  the  corrcctiicae  of  the  right  angle  of  the  T-»quarc. 

43.  Dtridan  (or  Compaaaeg)  are  made  of  different  siKes  and 
niimorons  npiiendages.  The  enrveyor  will  need  at  lea»t  uiie 
witti  a  detachable  leg,  »q  that  another  leg,  carrying  n  pen  or 


*  Hio  mnlM  ar«  tolora^ly  accurate  within  the  limits  niualljr  required 
hi  »  farm  »urvcj-.  It  mnv  Ire  wrJl,  luiwc»rr.  to  cfluiinn  (he  *tiitltni  not  lo 
r»ly  roo  mnch  njwn  the  accuracy  of  n  point  loeatetl  by  nieona  of  and  near 
the  extremity  of  *  thirty-lTich  T-aquarv. 
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pencil  point,  may  be  iQacrU:d  when  neceuary.  TbcM.  it  oecd 
hardly  be  said,  are  used  Tor  laying  off  lines,  describing  area, 
ciiclc^ti.  flC. 

44.  LeBd-PeDcil.  Fine  quality,  hatxi.  vised  in  outlining  tbe 
work;  tutd  a  Draaing-Pcn,  medium  eizc,  for  inking  in  tbe 
drawing. 

45-  Scalei  are  mafk  of  box-wood,  metnl,  Irory,  or  paper, 
and  arc  of  varioua  kind».  Tnnngalar  and  diaifonal  are  gener- 
«Uy  ued  for  plotting  clmin  sun'eys.  The  triangtiiar  teal*  (or 
enginecnt  and  snrvoyors  i.*  usually  12  inctheH  loni;,  and  mode  nf 
gucxi  bcx-wcKxl,  each  of  Uie  six  bevelled  faces  being  graduated 
with  a  siugle  acale.  viz. :  one  faco  cuntaiua  10  diviaiona  to  the 
inch,  OQD  20,  another  30.  another  40,  one  50,  and  one  GO  ^vis- 
ions; and  gencriklly  one  inch  on  ouch  face  Is  eaMlvided  so 
that  nn  extremely  smaU  frBctiua  of  an  inch  may  be  set  ott  or 
read.  ThiB  is  a  very  i-oiivBiiivut  ei'id?;  not  only  can  very  small 
diviainuH  he  readily  trausferred  froiii  it  to  a  drawing,  but  by 
simply  placing  the  inatnimcnt  properly  on  a.  line  of  a  drawing, 
the  8cale  of  which  i«  known,  it«  Icngtli  may  be  directly  deler^ 
mined. 

The  Diagonal  Scale  is  usually  aix  iuchi's  long,  thin  and  flat, 
divicLeil  t.rnii<iv(?iaety  into  ft  equal  parts  of  one  inch  each,  and 
loogitudinally  iuto  ten  equal  parts.  At  one  end,  oa  AD^  one 
inch  is  divided  by  10  obliquo  lincji,  oa  8  m,  6  n,  etc.,  Into  10 
equal  parts  and  numbered  as  shown  in  the  ligure. 

C  4  8  a  1  X14«8D 


B 


?'»  q  p  n  mA 


Now  Fa  being  .1,  the  next  division  lictween  the  perpendicular' 
FE  aud  tbe  oblique  line  bE  is  M,  the  next  .08,  and  tlie  last 
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dirieion,  or  one  nenrest  F,  Is  .01.  Hence  th«  Bcsle  may  be 
iiat-d  U>  mt-asurc  .01  of  an  incti,  or  one  huiidiTiltli  of  any  divis- 
U)u  luJtcQ  ns  thu  unit.  Fur  cxampk-,  to  lu,v  off  3.4.  plncc 
one  foot  of  tbc  iliviilers  nt  3  on  tlic  line  EC  mid  extend  tlic 
olbor  foot  to  4  between  DE.  To  Isy  off  3.42,  [)Iace  one  foot 
at  the  intersection  of  ■).  ^,  and  2,  2,  and  tlic  oilier  on  tlic  ahiuc 
line  2,  2,  at  its  iiitcniection  witli  4  p. 

Tbc  diuguuul  aciilt!  iisunliy  futiiid  vrilli  a  Ikjx  of  drawing  ib- 
Btrumvate  cxintaiuB  varioua  graduatiunB.  The  simplest  tm 
divided  to  Incbe*,  and  balves,  qiiarlers,  tentbs.  aud  twelflha 
of  su  inch;  eacli  quarter  and  balf  siihdiviilrd  din^>niiU,v  iulo 
tenths,  HO  that  a  k-ulli  of  a  qtiaiU'i-  cuu  bu  tukvn  otr  at  oiiro ; 
and  even  tentlis  of  these  are  indienled  on  the  scale  —  besidcft 
other  diviitiouit  of  moro  or  Il-bi  iiliiity. 

Paper  suile*  are  fpL-qut'iiily  employed,  and  regarding  bygro- 
metric  clianges  are  better  than  tlie  ottiere.  for  the  scale  and  the 
paper  containiDg  the  drawiui:;  cspnod  nnd  contract  more  nearly 
alike,  (ieneraliyt  liuwever,  tlii>y  are  iiut  divided  with  ttio  Hamo 
degree  of  accuracy. 

46-  Drawing-  to  a  Scale  conaiiitH  in  drawing  lines  whose 
length  shall  be  souic  fruiaiuu  of  tlic  length  of  tlic  line  measured. 
Suppose,  for  example,  a  liu«  iii  I'i  uiiains  lung,  luiil  it  is  desired 
to  draw  (t  to  a  scale  of  &  chains  to  an  inch;  then  2^\  iucbcs 
will  cvidriiUy  he  the  distjtiiee  to  transfer  from  tbe  Acole  to  Ihfl 
paper  to  represent  llic  length  of  Uie  line. 

A  line  10  cliniuH  nud  60  links  in  leii<;th  drawn  to  n  scale  »f  3 
obaina  to  an  itidi  will  lie  represented  by  a  lioe  3^  iacLes  loug, 
aod  so  ou.  Tlio  luiigth  of  the  liuc  divided  by  tbe  number  of 
aiiitJ)  —  chains,  yanis.  feet,  etc.  —  to  the  inch,  always  giving 
tbc  dUtauce  to  he  taken  off  the  scale.  Obviously  the  nonverae 
of  this  id  true;  Ihnl  its,  the  real  k-nglli  of  a  line  may  be  ascer- 
tained when  the  senlo  is  known,  by  multiplyin;;  the  onits  in  th4 
length  of  the  line  in  the  drawing  by  the  number  of  chains  or 
fbet  which  each  uuit  rL'preseutn.  In  the  last  example  thi.-  length 
of  tbe  tine  being  found  3|  inches,  mid  the  acale  S  chains  to  an 
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iucb,  the  true  lengtb  =  3.5  X  3=  10.50  olniiM.  The  aoUe 
Bbould  always  bv  given  ou  tlie  drawing,  tl  may  be  »Ut«d 
^ua :  Scale,  3  rhains  to  an  incli.  1000  feet  to  an  incb,  2  miles 
to  an  iDch.  or  fractionallT.  and  thereby  imlicatioK  tbc  rcUtire 
Ungtii  of  tb«  lines  in  the  drawing  to  those  which  they  repre- 
Bunt :  as,  1  :  MO,  1  :  2000,  etc. 

47.  Size  of  Draviog  or  Scale  to  Adopt.  In  farm  rnirreys 
of  aiiuall  extent,  1  or  2  chaiue  to  an  hiob  may  be  uacd ;  for 
meriiiim  tracts  3  chains  to  uti  Inch  (1  :2376)  is  perhaps  the 
bust.  The  ^hftjie  uf  the  farm,  the  length  of  the  shortest  and 
longest  sides,  ns  well  as  the  object  of  the  drawing,  will,  how- 
ever, iiiflucDcc  tlic  sutvvyor  in  bU  dctnHion  of  tbc  scale. 

48.  Scale  VakiiOWD.  If  the  area  of  a  tract  of  land  is  known 
but  the  scale  not  givon,  il  may  be  Toiind  hy  inviuturiug  tbe  lines 
of  the  drawing  referred  to  any  convenient  scale  and  oom^t* 
ing  the  urea  froiu  these  determined  IvugtliK.  Then,  since  the 
areas  of  similar  figures  are  to  each  oth«r  as  tbc  squares  of  their 
boniuluguus  aides,  the  true  scale  may  be  obtained  by  the  pio> 
portion. 

compnted  area  _  sgnare  of  assiinied  scale  , 
known  area  sqmu'c  of  true  scale 


I 


SFXTION    V. 

Ok  Arka9.  AXn  Illustrative  Exa3ipu:s. 

A.    ABBIAS. 

49.  The  following  ore  geometrical  truths  with  which  the 
•tudont  itt  stii>|>ose<l  to  have  an  scciuainlauce,  but  are  given  here 
for  convenience  of  reference. 


*The  prcitntvtor  «nd  «thcr  dfiiwin)(-in>lnimi.>i)t»  v»vd  in  connection  wjtib 
eompRM  otkI  Iransit  •urrtyinc  are  itpsi'rilic<l  in  Chapter  II. 


AREAS. 

the  Area  of  a  Triangle  ia  ccjunl  to  onc-bolf  the  product  of  its 

base  and  altitude. 

In  Terms  of  the  Three  Sidea  Ibe  aren  i»  equal  to  Uic  square  root 
the  coullnued  product  of  oue-hnlf  the  aura  of  tlic  Ridea,  aud 
'ihe  hnlf-siim  iniiuis  eai;li  Aide  sevenilly,  or  in  sjmliols,  vbcru 

A  =  ana,  a,  b.  c,  Uic  Uirvc  aides,  and  »  Uieir  sam, 


triangle  ia  equilateral  and  8=  lcni;tb  of  a.  8id«, 


50.  The  Area  of  a  Rectangle  b  t-qual  to  the  product  of  its 
length  and  breadtJi,  or  ^  —  M  where  1/  =  breadth  and  I  =  length. 

51.  The  Area  of  a  Parallelogram  i»  eqnnl  to  the  prodnct  of 
ita  bue  and  altitude,  or  A  =  bli  nhere  &=l>rewlth  and  &=beight. 

52.  The  Area  of  a  Trapezoid  is  vquitl  to  the  pruducl  of  oue- 
Jf  the  Hum  of  ite  paraiiel  sides  aod  the  perpendicular  distance 

bMwcco  tliem,  or  .4  =P  (m+n)  where  m  aod  »  arc  the  parallel 

tides,  and  />  tlie  pcrpendteular  distance  between  them. 

53.  The  Area  of  a  Beigiilar  Hexagon,  where  »  doooles  the 

q  _ 

(ength  of  one  of  its  sidca,  \»  A  =  r-i'VS*  *^^  >*  <"  equal  to  six 

iqnal  eqiitbitoral  trintujles,  Itaviag  for  each  side  the  length  of 
Be  aide  of  the  hexagon. 

54.  The  Area  of  a  Regular  Octagon,  eacb  of  it»  Bides  being 
Bnity,  may  be  calculated  by  tlic  nilet!  of  gcometrr,  thus:  Let 
Ike  figure  rcpreevul  llie  octu^on.  It  is  dvidi-nt  thnt  the  area  of 
the  central  square  =  1.  Tke  sum  of  the  areas  of  the  four 
triangles  nii  n,  o,  p=\,  sluce  their  huiii  equida  the  square 
described  on  db.*     Now,  the  dinieiisioiift  of  each  of  tlie  four 
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remtuniBg  figures  (rectangles)  x,  ^,  2,  and  u,  are  1,  aod  ^V2; 
hence  the  sum  of  the  areas  of  these  four  rectangles 

adding  all  the  parts,  there  results 

1  +  1+2V2  =  2  +  2V2 
for  the  area  of  the  octagon. 

55.  The  Area  of  a  S^nlar  Polygon  in  terms  of  the  perimeter 
and  apothem,  or  radius  of  inscribed  circle,  is  equal  to  one-half 

the  product  of  tlie  perimeter  and  apothem,  or  ^  =  ^ ;  p  denoting 

the  perimeter,  and  r  the  radius  of  inscribed  circle  or  apothem. 

56.  Tlie  Area  of  a  Begnlar  Polygon  in  terms  of  the  number  of 

sides  and  length  of  one  side  may 
be  determined  as  follows :  Let 
r  =  OP  be  the  radius  of  the  in- 
scribed circle  or  apothem,  /  the 

.length  of  each  side,  and  n  the 
number  of  sides,  A  the  area,  as 
before ;  then 


O 


r  =  -  cot  —  1 
2  n 


AlteA8. 
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and 


2       i  n  4  » 


If  2=1,  tind  N  =  H,  the  area  of  tlie  [Hilygoa  (ocUgoa)  becomea 
2  col 22*  80'=  2  +  2V2,  aa  before  foiind. 

57-  Ry  the  Application  of  tlie  rormiilas  just  found,  tbe  fbl* 
lowing  table  muv  he  cousiructvd,  shuvriug  tbt-  a[KJtheitui  and 
oreiw  of  some  of  t[to  regular  polygniis,  encli  of  wLose  sides  is 
nuiTV. 


NAina. 

Binki. 

.irmiiiK). 

Aaxitt. 

Triangle  .... 

S 

«.sa8a733 

0.4890127 

Sqnarv 

4 

O.J)OnOOOO 

1.00QUOOO 

IVtiiAftAn.  .  . 

t 

OJWWinn) 

1.7204774 

Hrxatrnn  .  .  , 

a 

0JKM&51 

3.fiS8070S 

Hi'pingon    .  . 

1 

1  ,n3»2HOl 

3.B»SDlfl4 

<  icingon   .... 

8 

i.aii7ii«w 

4.8!W4S7I 

NoiMKon  .... 

e 

1^737386 

a  1618242 

I>«CHg<ia  .... 

10 

1.S388418 

7.6MS088 

Hea4»«ason  .  . 

11 

l,702)m9 

f).3Gfi03»g 

I>ad«rag<in  .  .  . 

12 

]  BilflnZK 

ll.l(WIG84 

Now,  since  the  nrejis  of  similnr  jwIyponB  nn>  pToportionnl  to 
the  iM^uan-s  ou  Uieir  homologoiia  sideB,  tUia  table  uiu_v  bo  used 
to  And  ilie  area  of  auy  regular  polygon  named  in  the  tnblc, 
ffhaferer  may  be  the  length  of  U»  Aide.  Lining  the  notation 
ftWvc,  thv  principle  just  enunciated  will  be  oxprcssed  as  follows : 

1* :  area  In  table  =  P :  A,  ot  A  =  P  >l  area  in  table. 

That  ia,  tbe  area  of  a  regular  polygon  tn  equn.1  to  the  Minare 
of  !t»  side  (uultiplied  by  tbe  area  of  a  similar  polygon  eacli  of 
whnite  flide«  is  1 . 

ExAUTLE.  The  area  of  a  rpgiilnr  peiita^n,  each  side  being  30, 
=  30*  X  1.72W774  =  1548.43. 

58.  The  Area  of  a  Circle  is  eqnal  to  ir  cinltipHed  by  the 
«qnare  of  Uie  radioa,  or  one-half  the  product  of  the  circumfer- 
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ence  and  radius.     Let  R  represent  the  radius,  C  the  circum- 
ference, and  A  the  area ;  then 

2 
The  area  of  a  ftuadrant  =  -^• 

59.  The  Area  of  a  Sextant  =  ^^,  aod  in  general,  the  area 

6 

of  any  sector  of  a  circle  =  —-  X  wi?*,  in  which  »  denotes  the 

HI 
number  of  degrees  in  the  sector,  or  ^  =  -— ,  in  which  /  denotes 

the  length  of  the  arc. 

60.  Tbe  Area  of  a  Cironlar  Eing  is  eTidently  the  difference 
of  the  areas  of  the  outer  and  inner  circles ;  or,  in  symbols,  if  R 
and  r  equal  the  outer  and  inner  radii,  A  =  v(R'  —  r*) . 

61.  The  Area  of  a  S^ment  of  a  circle,  aa  ABC,  is  evidently 
equal  to  the  area  of  the  sector  AOBC,  minus  the  area  of  the 


fanaogle  AOB;  or,  in  symbols,  since  the  area  of  the  triangle 
__  — Binn^  ^^^  |.j^^  ^^^^  ^j  jjj^  sector  as  given  above, 

~  860  2      ' 
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If  ti  ifl  greater  tluui  IHU")  as  in  the  segment  A'lyBCAt  tin  n 

1C8  ucgativc,  llicrcby  makiug  the  spcond  teiir  of  the  right- 
member  iioeitirc.   itn  it  tthoiild  ;    ninee  in   tliis   case   tliti 
tent  is  greater  tli»u  th«  itector,  auJ  the  trianglv  A  'OS'  is 

If  Die  leugtha  oP  arc  aixl  chord  are  given,  denotv  by  Sc  the 
iengtb  of  chord,  tb«  other  iiotntion  as  above ;  tben 

the  ntfntt;  nign  to  bo  uschI  wbi-a  the  Hcgmcot  is  \i'6f  tbuu  a  scuu- 
circlc,  luid  Ihv  j)lu«  sign  wbeu  lh«  sogmeut  is  greater  than  a 
wmicirrle. 

62-    The  Area  of  an  Ellipse  is  equal  to  w.-lB.  m  vrbidi  A  aad 
denote  the  scmi-Bsee. 

B.    H-LDSTBATIVB  EXAMPLB8. 


■ 


EsmnrriKA  Vakiova  Mi.-tiii>im  sMpLorxD  to  Svkvxt  Lakd,  to  Plot 
TUB  ScBvar,  akc  to  Calcvlatk  mt  Aixa. 

Triahclks. 

63-    Firel  Method.    Measure  the  perpendicular  CD^  and  tb« 
»L<gtnent«  AD  and  DB,   tuto 
lilch  lldividefl  Uiehnar;;  tlieii. 
,      ABxDO 


D 


lB 


To  Hake  the  Plot.  Draw  .-IB  a. 

aocurding    to   any   convenient 

Kale,  and  locate  />;  wtlli  t)ic  same  acnle  erect  at  i)  n  peipea* 

iieal!a=DC.    Join  CA  am)  CB,  and  the  triangle  ABC  wiU 

ruQlt. 

EXAMPLES. 
1.    Required  the  area  and  plot  of  n  triangnlar  Reld.  the  per- 
pendicular of  nliicU  moatfurca  4.8G  dmiua,  and  diridcH  Ihc  nide 
which  it  falls  into  8cginc-nbt  monHuring  R.Hil  ehaina  and  3.16 
diaiDS,  or  a  total  length  of  8.9tt  ebains. 
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Calculation.   ,1-  Q-^O  x4.86  ^g,  ^.^g  gquarc  chaiRg.  Divid- 
z 
leg  b^'  10,  siuce  tberv  »rv  LO  square  chatus  In  au  icn,  Uieir 

rtsulto^— -^  =  J.177  +  acjrea.»     (The  Htudenl  will  tnak«  tUe 

plot.) 

Qderibs.  CoulJ  a  correct  plot  of  the  tract  be  made  if  tlicTC 
were  gwcu  bitu|>lv  tbe  hsma  aud  nLtitude? 

Would  tliere  be,  usaallj,  any  choice  of  side  lo  Uk«  a«  the 
ba»e? 

2.  A  triangiiEar  Held  mcaauica  13.14  chaias  on  one  side,  aod 
tbe  perpetidinilar  erected  at  a  point  5.10  cliaba  from  one  end 
measures  l.bi  cliains.     Calculate  the  area  and  make  tb«  plot. 

^.  Second  Method.-^  M«>iuiiiro  nil  the  sides,  nod  calculiite 
tbe  area  by  tlie  formula  giv^n  above  for  that  case. 


EXAMPLES. 

1.  Tlic  Icogths  of  the  sides  of  a  triangle  are  as  follows: 
Ali=W  cliiiiiia.  .10=30  ehaiua,  ntid  Bf=20  cliaira.  Be- 
quirud  the  area  and  plot. 


A  =  ViaxSx  15x25  =  29.047  acres. 

To  Make  the  Plot.     Take  40  chains  to  aoy  convenient  scale 
ill  tlio  illviderB,  and  lay  it  otT  for  tlie  hnsc  AB;  then,  with  A 
as  a  centre  and  .10  cliains  to  Che  xame 
scale  in  the  diviUcra,  dvticribe  an  arc 
mm' ;  also,  vritli  It  as  a  centi'e  and  29 
cbaiod  for  radius,  doscribe  the  arc  w»'. 
i.B  The  point  C  connected  witli  A  and 
B  will  pivB  the  triangle  ABC  rpipiired. 
RsHARK.     It  \»  cuHtonuirv  wheu  making  a  chain  aiirvey.  to 

*  7^0  ni^ti  i«  nenkllv  rxfiroM^d  in  Acrca  laiA  hun<Ir(<<?t1i«  or  thnunandtlu 
of  an  niTT. 

t  Oih^r  m^thoilK  Hrr  fixen  in  ChNpior  Tl.  S^Dttan  TX. 


ir,LTTSTRATrVE  KXAMn<GS. 
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a  proof  lioe  sucb  as  CD,  aii(]  tliis  shonld  alimyB 
'  Tie  constructed  to  tent  the  accuracy  of  the  work. 

2.  The  throe  »\de»  oT  &  trifloglo  measui-e  49.  20.25,  uitd 
2S.6i}  chnins.     Find  the  iirea.  Ans.    Gl.i'JH  »ct«». 

S.  The  sides  of  »  trUtigular  fietil  are  24,  lH,  and  IS  cbititiB. 
A  proof  tinei  1*2  chftina  hi  Length.  inters^ctA  the  longest  sidt-  or 
hase  at  a  point  It>.25  chains  from  the  .iii^lo  formed  hv  the 
two  loDjjcst  iiidfls  of  the  flphi,  Retjuirod  tho  awa  and  plot. 
Test  Bccurucy  of  latter  h\i  ctintilrutitiiig  proof  line. 


Rkctakolrm. 
G5.    M&ftfiiire  any  two  fu]]a(>fnt  sidus,  a»  AS  nml  BC. 

To  Plot.  Lay  off  AB  to  iiiiy  de- 
sired scflJc,  nod  erect  n  pyrpcmlitiilnr 
witli  the  same  scale  at  tb«  eslrtinitifc'H 
=  AD  mid  BC:  cunnect  O  and  C. 
and  the  rcqiiurcd  %urc  will  be  fonncd. 


n 


EXAMPLES. 

1.  The  l«Dgth  and  hrt&dlli  of  a,  rectangle  are  I3.8S  and  7.11! 
cliaioB  respectively.     Kcquirod  iho  arpa.  Anx.    H.R-J  ncres. 

2.  The  length  of  a  recLatigle  in  12aO  feet,  and  its  bi-eudiU  840 
feet.     What  In  its  nren?  Ans.   24.1  acres. 

3.  A  road  running  ucross  a  furin  ia  f  of  a  mile  loug  und  3 
rods  wide,     itow  ranch  land  does  it  occupy?       -4ns.    'i\  acrea. 

4.  The  leagth  of  a  road  on  a  liillitide  inc^lined  to  the  liorizon 
at  «a  angle  of  20"  is  231(>  feet,  and  its  width  2j  hmIs.  At  tlio 
rate  of  9^\  per  acre,  what  must  he  paid  to  the  owner  acrosii 
whoee  land  tbv  road  nms?  Ana.   8189.^3. 


*  A  line  to  check  the  mcutimiicnt. 


^  BE.  to  the  opposite  side  DC.  aud  llie 
'     (iifiUrc-P  CE.     Then  .1  =  AB  x  BE. 

To  Plot.    Lay  ofif  the  base  AB,  aDcl 

■A  fl  ftt  the  extremity  Bwect  B  perpondico- 

lor  oqiial  BE.  Tlirougli  A"  draw  DC  equal  to  and  {larallel  to 
AB,  making  EC  its  pro[5er  length.  Join  DA  and  C'B,  aud  Uw 
parallelogtam  ABCD  will  he  formed. 

EXAMPLES. 

1.  Till?  bttBC  of  a  pamllelugrnQi  inpasures  10.51  chains.  A 
perptiiidicular  from  one  c-xtremily  of  the  biisc  to  the  opposite 
side  5.16  chains,  antl  the  dUtance  carrpHponding  to  EC  In  the 
laat  figure  is  1.82  diuins.     Itcquired  thu  area  ami  plot. 

Ann.    5.439  acres. 

S.  A  survcjor  employed  to  dctorminc  the  area  of  a  rhombo*, 
and  kuowin^  that  the  ohtu»e  nnglea  neve  double  the  acute, 
measured  the  shorter  dia^^onal  only,  and  found  it  100  feet. 
Was  the  mcoaui'cuiuut  suiljciuut?     If  »o.  t;ive  thu  area. 

QrcKtp.!t.  Can  the  area  of  a  rfaombuB  be  ascertained  if  the 
lengths  only  of  the  two  diagoiials  be  given?  If  either  diagonal 
and  a  side  be  gircu  ? 

Xraccxoids. 

67.    Slcsaure  EC,  the   perpendicular  CD,  and  HA ;    note 
£  n     vhcro  tlie  perpendicular  CD  meeta  ttu 


hs£o  AB. 


D  a 
To  Plot.  Lay  off  tli«  baRe  AB  to  the  desired  scale,  and 
nt  D  erect  ii  pcrpeiidiculiir  tliereto  equal  to  DC.  Through 
Cdraw  CE  of  iSuf  riHiuircd  length  nud  parallel  lo  AB.  Join 
EA  and  CH.  The  figure  resulting  will  l>e  the  trapezoid 
inquired. 


A  =  U^B+CE)CD. 


tLLUSTIUTIVE  EXAMPLES. 


W 


EXAMPLES. 

1.  The  base  of  &  trapezoid  measures  12.G2  chains,  the 
pamllel  side  8.14  chains,  uud  the  perpcudiculur  7. 41  diaioit. 
The  diatADce  coire^pomliag  to  DB  id  the  laat  figure  is  1.12 
chains.     l{«>qair«(i  the  area  aad  plot.  Ar9a=  7.723  acres. 

2.  A  railroad  c-mbankment  extends  3240  feet  perpciidiciilnrl}' 
aorOM  a  farm  intersecting  purullel  sidex.  At  one  end  its  base 
Is  96  feet  vide,  tiud  ivt  the  ulher  CO  feet.  Supposing  the 
property  li&e  is  10  feet  from  the  embaaknieat  on  cacti  side, 
bow  iQiicb  of  the  farm  is  taken  for  railroad  purposes? 

Tkapezhtms. 


n 


60.    FirKt  .Velhmt.     Measure  either  diagonal,  and   the   per- 
pirudicuUnt  Ibcrelo  from  Uil-  oiijiaHitc 
angles,  noting  tlie  distances  AH  and 

To  Plot.     Draw  the  diagonal  AC  lo 


Uie  desired  scale,  and  Gx  the  points  TI 
and  jE.'.  At  thcac  points  erect  perpendiculars  corrtspondini;  to 
the  scale  and  uieiLHuruutvuls.  Joining  ItA  and  DC,  and  BA 
and  BC,  will  complete  the  plot  re<j^uired. 

Stct»>d  Met/ioii.  Measure  «.U  the  Rides 
and  a  diagonal  as  shown  iu  iIil-  Itgure,  D. 
thereby  diriding  the  trapezinm  into  two 
triangles,  all  the  sides  of  whieh  are 
known;  whence  the  men  may  be  com- 
puted by  the  formula  for  the  area  of  a  " —       „ 

triangle  in  terms  of  tlit-  three  sides. 

To  Plot.  Lay  off  the  diajjonnl  AC.  and  locate  the  points  S 
and  D  by  methods  heretofore  gircn.  Connect  the  points 
ABODA  for  the  plot  required. 


PLAKB  eDBTBYISO. 


EXAMPLES. 

1.  Tlie  diagonal  of  »  trapezium  measures  120  roda,  aod  the 
two  iierpendiculars  SO  and  40  rods ;  irbat  Ib  ttic  nrca? 

Ata.   '26^  acres. 

3.  The  Bides  of  &  tmpcziun]  taken  in  rcgulnv  onler  nre 
AB=h.  BG=Q,  CD=l\,  ami  DA=13  diaiiis,  uud  Um 
diagonal  AC'=  13  chains.     lj«quired  the  area  aud  plot. 

3.   The  sides  of  a  trajiCKiHai  arc  18.10.  22.1-i.  28. Id, 
94.62  chniuEs.  ami  the  diagonal  rroru  the  first  to  the  third  coroer 
is  :i0.7ti  t;Uaius.     Deteriuine  the  area. 


I 


1*0LT(W)WS. 

Regular  or  irregular,  live  or  more  sides. 

69.    FifKt  Method.     Meatture  all  the  sides  and  the  diagOQAlfl, 

thus  dividing  the  tract  into  three  or  mure  triangles.     The  area 

will  equal  the  sum  of  Uto  aivae 
of  the  triangles  thus  formed. 

To  Plot.     Draw  a  Uno  repre- 
senting the  diagonal  BE,  aad 
conalruct  the  tiiangle  ABE  on 
it ;  oa  the  other  ttidc  of  BE  coii- 
A<^  \       /  \      struct  JC£;  if  a  pentagon,  the 

ii)  ]>]ot  will  bf  completed  by  »dtl- 
ing  CDE. 

If  a  hexagon,  there  mimt  be 
mcASiired  another  diagoaal  fp^iiK  four  ti-in.nglcB,  and  gcnerallj, 
for  uny  nuuilwr  of  uideu  n,  there  will  he  n  — .S  dioj^nals  and 
n  —  2  trtnngkft,  the  area  of  the  tract  being  equal  to  the  suid< 
of  Che  areas  of  the  n  —  2  triangles. 

If  the  tract  he  a  regulnr  polygon,  the  tneasnrement  of  one 
side  l>v  the  aid  of  Uic  tabic  iii  {lu)  will  be  sufficient  to  deter- 
mine the  area. 


ILLUSTRATIVE  EXAMPLES. 
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70.  Second  Method.*  Measure  one 
or  more  diagonals,  and  perpendiculars 
from  these  to  the  oppbsite  angles,  or 
comers,  thereby  dividing  the  tract  into 
right  triangles,  or  right  triangles  and 
trapezoids.  The  sum  of  the  areas  of 
these  figures  will  equal  the  area  of 
the  polygon. 

EXAMPLES, 

1.  The  sides  of  a  pentagon  taken  in  regular  order  are,  6.80, 
4.20,  5.30,  8.90,  and  9.62  chains:  The  diagonals  from  the 
fifth  corner  to  the  second  and  third  are  each  10  chains.  Find 
the  area,t  and  make  a  plot. 

2.  A  side  of  a  regular  heptagon  measures  4.25  chains. 
What  is  the  area? 

Given  the  following  field  notes  to  calculate  the  areas  and 
make  the  plots.     The  distances  are  in  chains. 


D 

16.75 

0  4,80 

l&SO 

12.00 

4.B0£ 

9.W 

8.80  P 

B4.S0 

4.80 

&20 

6.20  (1 

A 

D 

19.50 

7.80 

4.60  E 

C  9.80 

S.90 

B  6.S0 

8.90 

2.00 

3.00  F 

A 

*  Other  method!  are  given  in  Chapter  II. 

t  The  work  may  be  abridged  bj  using  logarithmB. 


42 


PLANE  SUEVEYma. 


<■ -Proof  Lines— 
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^  s  s 


O     I      B] 


■Side»- 


I  i»   UUUU' 

^1    1.  Tlie  diameter  of  n  circle  is  lU.lO  cliaina.     Whut  is  the 

^    2.  What  is  the  nrca  of  n  circulut  ring,  tie  outer  ami  iauer 
ladii  loea&iirlog  respectiTel;  ^0  aad  li  itxla? 


72. 

orltelgOT^irc  DE,  from  the  cpntie  of 
AB  to  the  arc  AEIi.  Finm  these  (l«ta 
tbc  radios  and  the  aupic  at  tlic  centre 
nuT  Ik!  found ;  and  beuce  the  area  oh- 
ulu«it.  Se«  (59)  aad  (61).  OtlienrUe, 
measare  the  mdini^  BC.  uiul  by  mliort 
cfaords  the  arc  ^1£J3;  whcTicu  the  nrea 
mav  be  computed.  (The  student  wilt 
supply  the  deuils  for  both  co-ws.) 

EXAMPLES. 

1.  If  the  length  of  the  nrc  of  »  si'c-tor  is  500  feet  and  the 
radius  1000  feet,  how  mati;  acres  does  it  ctiut«in?  Ana.  6.730. 
I  2.    If  the  chord  AB  (last  figure)  =  40  feet,  and  the  height  of 
uc  DE  =  10  feet,  what  is  the  area  of  the  Hegrment? 

Am.   279.^^8  sqnaro  feet. 
8.  Given  the  radius,  which  ia  bisected  by  the  chord,  =  100 
'twt.    Required  the  area  of  ecctor  nnd  Eegmcnt. 
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PLANS  SUBVEYING. 


SECTION   VI. 


OFFBBTS  AND  TIB^IilNBB. 

73.  When  any  portion  of  the  boundary  of  a  tract  of  land  b 
irregular,  as,  for  example,  when  it  ia  a  atream  or  crooked  road, 
the  survey  along  auch  sides  ia  best  effected  b; 
measaring  a  straight  line,  as  LN,  and  eettai^ 
off  short  perpendiculars  m'm,  o'o,  and  p'p  at 
points  m',  o',  and  p',  and  extending  them  to 
the  boundary  line.  Such  short  perpendicalars 
are  called  offsets,  and  they  should  be  so  chosen 
that  the  part  of  the  curve  Lra,,  mo,  op,  etc, 
/m  iut«rcepted  between  any  two  cooBecntive  ones 
may  be  considered  straight ;  whence  the  area 
of  the  part  lying  between  the  straight  and 
curved  lines  may  be  obtained  by  adding  to- 
gether the  area  of  the  triangles  and  trapezoids  into  which  it  is 
thus  divided. 

If  the  field  notes  corresponding  to  the  above  figure  are  a> 
below : 


N 

fi.60 

0 

7.00 

1.30  p 

2.60 

1.40  0 

1.20 

l.OOm 

L 

0 

The  area  between  straight  line  and  boundary 

Area  triangle        Lmm',      6000  square  linka. 
Area  trapezoid    mm'oo',     15600  " 

Area  trajiezoid       oo'])])\     C0750  " 

Area  triangle  p'pN,     1G900  " 

Their  sum  =  99250  " 

or,  .9925   of  an  acre. 


0FF81?TS  AND  TIE-LISES. 
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74.  Rectangular  Co-ordiuatet.  L«t  XT  and  YV  be  two 
etruigbt  lines  ialersccting  cacb  other  at  right  angles  at  0,  and 
J'f',    \mnts    ill    llfir    jjlnac.  .  . 

TUcD  if  perpendiculars  be  drawn 
through  ibese  jioiiiU  to  the  Udcb 
XX'  and    TY\  the  disUinees  v'  ■ 

cnl  oir  oa  the  former  are  called 
abaeisaaa,  and  those  on  tlic  lat- 

t4!r  ordinaleji.    Tlj«  abflcUsa  and     j^         g]  g"  x'  x' 

onlinute  refuniug  to  oue  point, 
as  /",  are  termed  the  co-oixli- 
nates  of  that  point. 

Tho  lirK«*  to  wliich  the  meaii- 
ureinenUi  are  referrt-d  are  called  the  axet;  XX'  being  called 
the  axis  of  abscl^as  or  axis  of  X,  and  YT'  the  axin  of  ordU 
nates  or  axis  of  Y. 

The  axc«  being  at  riglit  angles,  th«  system  in  called  the 
reetangular  aystevi  of  co-ordinates.  O  is  the  origin.'  I)eaig- 
aating  the  ordinatv^  uicaxiiri^d  from  this  axU  of  X  upward,  und 
the  absoissas  niensiirLHl  to  the  rig;lU  of  the  axis  of  }',  n.sjffitA, 
and  those  downward  from  the  X-axia  and  to  the  left  of  the 
F-axla,  a«  mhnijt,  it  is  evident  that  a  point  can  be  located  in 
either  quadrant  vei*y  readik  hy  this  method. 

If  tlie  co-ordinates  of  /"are  a:  =  fi  and  .V=4.  it  means 
eiiiipty  that  Ox'  =  H  aud  0.1/'  =  -t,  and  the  point  may  l>e  located 
by  drawing  the  lines  ob  indicated.  If  j:s=  — 5  and  .v=9,  the 
jioint  ifl  five  units  to  the  left  of  the  y-axis,  and  three  units 
above  the  X-axis,  etc. 


75.  Application  of  Jtictanffular  Co-ordinatea  to  the  Compvia- 
tion  of  Area». 

Suppose  it  is  required  to  And  the  area  of  any  Dumber  of 
trappioi.U  formed  b_v  a  brolcL-n  line,  and  perpendiculars  ftotn  ita 
angles  upon  a  sLraight  line  its  iudicutvd  in  the  figure.     XX',  thf 

■  Axei  incllnetl  to  Mch  other  are  celli'al  ubii^ut. 


I 
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PLANE  aORVBTING. 


Straight  line,  may  be  taken  as  the  axis  of  X,  and  TT'  the  axis 
of  Y.  Let  X,,  x_,  X,,  etc.,  y„  j/„  y^,  etc.,  denote  reapectdvel; 
the  abscissas  and  ordinates  of  the  points  L,  M,  N,  etc. 

P 

Jt 


Ti 


r. 


The  area  required 
=  i  [aJ-Cff,  +  y-)  +  (2!.  -  a-)  (ff- + ».)  +  (a;,  -  «.)  (y,  +  y.) 

By  expanding  and  simplifying  there  results 

i  [«-(?!  -  Vn) +«-(y-  -  y.)  +a;.(y,  -  ?,)  +a:,(y,  -  y,) 

Whence  for  calculating  the  area  of  a  tract  of  land  included 
betvreea  a  straight  line  and  a  broken  line,  whose  angles  are 
given  by  their  co-ordinates  upon  the  straight  line  as  base,  we 
have  the  following 

Rule. 

MultijAy  the  difference  between  each  ordinate  and  the  second 
succeeding  one  by  the  abscissa  of  the  intervening  ordinate. 

Multiply  also  the  sum  of  the  last  ttvo  ordinates  by  the  last 
abscissa. 

TIte  half  of  the  algebraic  sum  of  these  several  products  vntt  be 

the  area. 

EXAMPLES. 

Calculate  the  areas,  and  make  the  plots  from  the  following 
Held  notes  ;  the  distances  are  in  chains. 

*  A  similar  expression  could  evidently  be  found  for  arty  number  at 
trapezoids. 


OFf^ETS  AND  TEE-LINES. 
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1^ 

.90 

aj20 

i.ao 

2.00 

1.60 

4.30 

2.00 

4.00 

2.10 

fi.00 

2.40 

3.00 

1.60 

a2o 

1.60 

1.80 

1.00 

2.60 

1.00 

1.00 

.60 

1.70 

.20 

0 

0 

76.  A  slight  modification  of  the  rule  Just  given  will  make  it 
applicable  to  the  case  where  a  broken  line  encloses  a  tract  or 
lorms  the  boundary  of  a  polygon. 


Let  the  tract  enclosed  be  represented  by  the  figures,  then 
the  area 


By  cxpniiding,  caDcolllog,   nnd  faetoritig,  we  mav  obtaio 
either  ot  llie  following  expressions : 

^=    i[=f.(y--y,)+^-(.v--yi)+Ms.-y-) 

or.       vl=-^  [>,(«. -a:,>  +  y.(a:^-a!,) +  ».(*,-»_) 

Wheaoe,  for  the  area  of  a  poJygoQ  whose  comers  arc  gireo 
by  their  co-ordiuatee,  we  bare  the  following 

Rl'lb. 

Take  one-half  the  mm  of  the  product$  of  each  {  *^^  ^ 
wtd  the  dijfvrence  of  its  adjacent  ■{  ^_^„^  /  •  oJtcai/e  mttking 
th«  tubtra^ion  in  the  mt^is  dire&ion  round  the  plot.' 

EXAMPLES. 

1.  Given  tho  &bsctB»as  at  the  several  corners  of  a  Sold,  £, 
M,  X,  O,  P,  reapectivelj: 

S.OO,  5.50,  12.00,  15.00,  aod  8.G0  obalot. 
The  correepontliDg  ordiaates : 

10. ao.  l.HU,  4.00,  9.40,  and  14.00  chnlns; 
to  compute  the  urea. 


*  Tho  work  of  coiii|)Ulittiun  ia\y  be  ■.bridged  irhm  thr  iib»cicM>  UV 
grcaicr  than  tho  ordinatef,  by  milking  ihir  ililTcTeiicci  ol  tbe  abwiMu  ibe 
fftVton  nitli  th«  nrdinalr*;  ind  wbcD  the  oMicinti'i  an.'  (greater  liinn  tbe 
abidUiiu,  taking'  the  rtlCfcrcnn'Ct  of  Uir  onlJnatc*  vtitJi  \hv  abaciua*.  If 
the  ftxi*  of  ordinfttca  pus  through  t,  th«  abicUM  of  thnl  point  would 
VKiiivh.     ReK&rd  niuii,  Id  all  cue*,  be  had  to  thv  rciultiag  ■iguk 


OFFSETS  AND  TrK-LISKS. 
The  form  of  reduation  ia  as  follows : 
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1 

OBDTKiin*. 

ABKlMUi. 

DirrUtlHtiB   BKTwaCK 

OOCSLS  AMU(. 

L 
M 

y 

0 

p 

10.30 
1.80 
4.00 
ft.W 

14.00 

_^ 

2,00 

6,50 

12,00 

16.00 

9.00 

S.10 
-10.00 
-   O.60 

340 

18,00 

SLOBIMJ 

-  1*1.0000 

-  38.0000 
9I.B0OO 

182.0000 

:t4JJ800 
-  6«. 
S)180.(i800 
10)W.T»    11(1.  di». 
0.470'  iumt. 

S.  Given  the  abeciseas  of  th«  eeveral  corners  of  a  fl«Id,  J<, 
Jf,  St  O,  P,  Q,  R,  i-papectively  : 

0,  6.50,  14.60,  i2.8U,  2U.(I0,  16.70,  9.30; 
ui^  ibe  correspoadiog  ordmates : 

13.20,  3,72,  4.40,  3.90,  17.24,  16.90.  aiid  17.30, 
ilU  in  cbaioa;  to  detorruino  the  Aran  and  make  a  plot. 

3.  Given  the  atwviiuaa  of  tbc  Bcvecal  comers  of  a  lleldi  At 
B,  t\  D,  E,  F,  O,  H,  restjectively  i 

100,  300,  S60,  290,  40O,  250,  120,  0; 
Mul  the  correepondiug  ordiuatcs: 

0,  0,  IBO,  R(iO.  380,  520.  520.  and  3S0, 
all  iu  feet,  to  determine  the  n.rea,  and  make  a  plot. 

4.  Verity  Kxainplfi  A  by  a  iDctliod  independent  of  that  giren 
on  Uie  pi'ecediut;  pa^e. 
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5.   Required  the  area  and  plot  from  the  following  field  notes : 


'' 

^ 

A 
23.50 

£ 

41.10 

^ 

Y 

Di»g.i)f 

2fi.80 

1 

F 

21.90 

E 

Y                   __ 

Diag.CF 

17.06 
B 

E 

20.50 

D 

Y 

F 

30.10 

D 

A 

k 

D 

C 

■3 

0 

17.40 

28.90 

1 

1     1 

.1 

i 

1.00 

1.60 

1      ,.,5 

I      1.00 

';        1.20 

16.50 

18.00 

8.50 

6.00 

3.60 

C 

^ 

P 

^ 

0 

F 

26.76 

B 

V 

0 

Y 

; 

■           0 

C 

On  river  bank. 

It 

18.00 

2.00 

13.60 

3.60 

10.00 

2.60 

S.60 

;« 

y      0 

B 

Y 

B 

18.60 

V 

A 

Other  examples  containing  ofifsets  are  given  in  Chapter  II. 


OFFaETB  AND  TIE-WSES. 
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77.  7b  Jind  th«  urea  u/  u  tract  of  land  vtfieii  tt  u  itapouBihle 
t9  iMMure  the  diagonaU  w  ptrp^ulkaiaTS,  an  in  the  com  o/'a 
iakt  or  avramp. 

Measure  MX  sod  OX,  nnd  nontiniie  th«  men  sure  me  ills  put 
dieir  intersfction  at  X,  lunkitift  XfT 
DODtc  frucliuual  purt  uf  .VA'',  and  iVA* 
the  same  pail  of  OS.'  Kow  I'-ecatise 
of  tho  fciiiiHarilT  of  the  trinrglps  .ViVO 
and  JIKX,  MO  niav  be  Ibuod  by 
nKK«unug  11  tic-lino  //A",  iiud  divkl- 
tug  it  by  tlie  fraclioH  ua^d.  Similarly, 
LX  m*y  b«  found.  Thou  OL  imtig  ^1 
niewiirpd,  tJi«  iirea  of  th«  polygon 
iiSOLR  can  be  compiitud.  In  <!aM 
or  a  )K»nd  ur  lake,  if  otTaets  be  taken 
from  tbe  sides  of  the  pulygoa  to  the 
iflf^  of  the  «'st<>r,  ntid  tb(^  hutu  of  the 
nreas  thus  found  included  between 
the  sld<w  and  tlie  lake  be  di^ducted 
from  the  area  of  ilie  pol.vgmt,  tlie  area 
of  the  bodj  of  water  will  bo  shown. 


ifl 


MISCELLANEOUS    EXAMPLES. 

1.  One  side  of  an  equilateral  triaugle  oieasureft  18.24  chains. 
Ucqatrcd  the  ana. 

I   S.   The  perpendicular  of  an  equilateral  tmni^iilar  piece  of 
ground  meaaurea  160  fwt-t.     ^VIlat  is  the  area? 

Ans.    14780.1(1  8(]iiare  feet.    'What  pari  of  uu  acre? 


'  GfMt  earc  ahoulil  be  cxeri'iaod  in  lh«  ni4-a«urt'in«'iiTD,  *iiic?  t]i«  erMr 
b  nMRnlfli-ii  in  ihp  computci)  liriea.  1/  tlit-  hiii-n  nrr  au  taken  ilml  KU  i» 
one-fuurth  of  J/0,  an  vmtt  tit  ona  link  in  nwiiBUritig  A'//  will  mnkc  n 
dllFi^mice'  of  four  liiilt*  in  MO. 

Yor  DiMhod*  of  pcrfonminK  mch  irork  morv  accuralelj.  lee  Compau 
■na  IVaatlt  Siu-Teylng,  Cliaplcr  U.  Section  IX. 
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3.  It  18  kuown  that  the  hatm  of  an  JiiosvcleB  triaiijKle  is  $  the 
length  of  one  of  its  equal  sides.  The  per[)etidicukftr  mtioauri.-* 
80  inci.     The  sides  and  area  are  roquired. 

Am.    Encli  side.  100  fpet;  base,  120  feet. 
Area,  4800  nqaare  feet. 

4.  Desiring  to  asuertaiu  the  radius  of  a  raUroiul  curve  (it 
being  tlie  iKWiMlary  of  a  field),  a  surveyor  measured  from 
ccutrc  to  CL-ulrf  of  tinelw,  a  Hionl  of  200  feet ;  also  the  per- 
pendicular dUtaace  from  thu  ecutrc  of  cliord  to  thu  middle  of 
traclis,  4  feet.  Show  that  these  meaaurements  indicate  the 
radius  =  1  2.'j2  r«et. 

QCKRY-  Iloir  should  the  data  ohtAined  ia  Example  4  be  em- 
jj'loved  lo  deterniiae  the  area,  assumiuj;  that  the  curve  is  con- 
cave to  tie  field  ? 

.1.  The  ciHiumferenoG  of  a  circle  is  100  rods.  How  man^ 
acres  duvs  it  cunUiin?  Atta,    -1.1174. 

Qtbrt.  Can  Problem  5  be  solved  without  Hrsl  Sudlng  the 
radius  or  diameter? 

G.  If  the-  number  cxpresstug  the  area  of  au  eiiuiluteral  tri- 
angle ill  mjuaie  feet  ie  the  name  aa  that  showing  the  leagch  of 
one  of  its  sidee  lu  liceal  iachCK,  what  is  ita  area? 

Ans.    332.55. 

7.  The  chorrl  of  a  cirulc  measures  60  fvet,  and  ih?  height  of 
arc,  or  vemed  sine,  10  feet.  Find  in  the  same  circle  the  versed 
sine  of  a  chord  of  90  feet.  Ant.   S8.3  feet. 

H.  Tlie  len^hfi  of  twn  chords  lying  nn  t.Iin  snnie  side  of  the 
diameter  of  a  circle  are  '.lt>  and  tJU,  uad  their  distuuce  apart  2S. 
Required  the  area  between  ihem. 

SronK-TioN.  Let  x  =  periicndiciilnr  dlHtancc  fh)ir  centre  of 
short  chonl  lo  tlie  nearest  point  of  rinninifcrciice,  and  y  =  per- 
pendicular dUtancc  from  centre  of  long  chord  to  tbc  farttint 
point  of  circitrnforenee;  that  iu,  iticaiiured  in  the  opposite  direo- 
tioa  from  the  first. 


OFFSBTS  A»D  TIB-LINBS. 
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Theo  at(y  +  -26)=    900. 

Whence  the  diAmeter  is  rcadil}*  determiDcd  and  th«nce  the 
ar«a  required. 

9.  Shov  that  the  arcn  of  the  circumscribed  hexEgon  ta  to 
the  area  of  th«  circumscribed  equilateral  triangle  as  2  is  to  8. 

10.  Bhov  that  the  area  of  a  regular  ioscrihcd  polygon  of  n 

■A         n  _,    .    360* 

sides  =  -  r»in ■ 

S  n 

It.   Show  tliat  the  area  of  a  regular  circumscribed  polygon 

of  71  aides  =  nr^  tan 

n 

12.  The  distance  between  the  centres  of  two  circlea,  whose 
diameters  are  each  50,  is  etgual  to  30.  What  m  Uie  area  conimou 
to  the  two  circles?  Ans.   SAS.lfi. 

IS.   Thn-t:  equal  circles  btHog  tangent  to  tuoh  other  ex- 
^^     ternaliy  enclose  40  rodu.     What  Is  the  radius  or  each  circle? 
^B  Ang.   15.7d  rods. 

r       ' 

I  ding 

I  OOID 

2. 

I  fturv 


EXERCISES. 

1.  Survey  a  |V)lygr>]i.  uieiisuro  ail  tbe  aides  atid  uocessary 
diagoiiab,  nin  teHt-liJies,  record  the  Dotee,  make  a  plot,  and 
ooiDpute  the  area. 

2.-  Take  the  boiiDdarie»  as  rouiid  abor?,  and  complete  the 
nurvey  by  measuring  one  diagonnl  and  perppiuliculflr  oflTsets  lo 
the  corners.     Makt'  record,  plot,  and  computation. 


3.  Meaaiire  n  field  partly  hounded  by  a  creek  or  lafec,  ron- 
dering  it  necessary  to  take  ofTaebt  thereto.  Record  the  notes, 
plot,  an<l  cftlcuhitc  area. 

4.  Survey  a  pond  or  small  lake  by  tic-lincR  and  offwta. 


I 


CH.VPTER  n. 
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SECTION   I. 
DBFIHITIOHS  AKD  DBSOSIPTION  OF  ZKaTKUIOHTS. 

78-  The  Axis  of  the  earth  is  the  itDaginnry  line  about  wbtch 
it  ntuit«B. 

Tbe  Poles  nrc  the  points  nrliere  the  nxis  pierces  the  earth :  one 
the  uurtb  polt!.  the  other  the  »uuth  potc. 

79.  A  Veiidian  Plane  is  a  plane  embracing  tlie  «ftrth'e  axis. 

80-  A  Meridian  line,  or  tni«  iiieridtan,  in  the  iutereectton  of 
«  meridiiui  plane  with  the  mirfacc  of  the  earth. 

In  pluiic  surveyJQg  tbu  riicridiuiis  pnssin^  tbrougb  tlie  ex- 
troroitice  of  lines  eurveyed  are  considered  parallel. 

81.  Th«  Magaetic  Heedle  i«  a  thin  bur  of  strongly  magn«t- 
ized  steel,  halaurcd  oil  a  pivot,  so  that  it  may  tinii  freely,  and 
almtya  come  to  rest  in  thf  direction  ot  the  m^notic  meridian. 

82.  The  Magnetic  Heridiao  is  iadleuted  by  the  direction  of 
a  bnr  tiiaynet,  when  honzimtal,  i^eely  MisppntU'd  and  at  re»L 
It  does  not  in  general  coindde  with  the  geographic  meridian. 
The  angle  inctaded  between  them  is  culled  the  declination  of  the 
needle,  or  variation  of  the  compass.*  and  the  change  in  tLi4 
angle  is  termed  the  variation  of  the  decliualiuu. 


63.  The  Azimuth  of  a  Line  ia  the  augle  which  the  rcrtical 
j>Iiui«  uuutsiuiiig  it  uiak«8  with  tlie  plaue  ol  the  ueridLaii. 

84.  The  Bearing  of  a  lins.  viiUi>il  also  the  ctitirse.  In  tb« 
«ij;lo  which  it  foriiiH  with  ilie  direction  of  the  magnetic  needle. 

85.  Tho  KeridiftD  Pistance  «f  a  Point  is  iu  pcrpeadicular 
di»tanco  from  nii  nssnmcd  iii^ridinn. 

86.  The  Ueriiian  Distance  of  a  Line  is  the  meriJian  dis- 
tance of  the  middle  imiiit  of  that  lino. 

87.  A  Horizontal  Angle  \»  nu  nogic  incUidod  between  two 
lines  in  h  borixiintnl  plaiii'. 

A  Vertical  Angle  is  an  augle  included  bvtwetiu  two  Uoeit  in 
»  vertical  plane. 

88-  An  Angle  of  Elevation  in  a  rrrtical  ungle,  one  side  oi 
which  is  horizautal,  uud  the  other  int-Iiaed  upward  from  tho 
au^ulair  point. 

89.  An  Angle  of  Depr««eion  is  a  vertical  angle,  one  side  of 
which  i»  horizontal,  and  tho  othi^r  iodised  downward  from  the 
&iLt;idftr  point. 

In  Compusit  and  Trauelt  Survc,viiig<  In  addition  to  the  meas- 
arcmeut  of  lines,  angles  arc  observed ;  hence,  besides  the 
iwimmeuta  previously  deserlhod,  we  present  the  following : 


Tai  StTRVEYon's  Comtasb. 


90.  The  Smreyor'B  *  Gompaas  conaista  essentiallv  of  a  brasa 
plute  carrviug  a  tiorizoul^l  ^aduated  circle,  in  tltc  centre  of 
which  is  misppiided.  so  rs  to  tiirri  froelv.  a  magncti'C  needle; 
and  at  the  pxtrcmitios  nf  thf  pinto  nra  attdched  vci-ticallv  two 
ftutened  pieoea  of  bnuM,  called  aighta.  having  Soe  alits  and 
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oircular  opening  in  tbem,  b;  which  tlio  iostniment  is  directiH) 
Qpou  »nv  object  or  etation. 

In  addition  to  the  esRentials  named,  tbla  itistrunjcnt  uHualty 
has  two  HtnaU  spirit  levels  set  on  the  ptate  at  rigtil  augles  to 
viUih  other,  u  vernier  sciil«  for  setting  off  tUe  declination  o£  the 
needle,  a  tsngent  ecale  for  roadiug  verticil  nnglee,  and  a  brass 
head  Tor  mounting  the  iastrument  upon  a  tripod  ora  smgle  stAff 
called  Jacob's  Staff. 


ircnt.  I 


91.    The  (jrnduated  oirtile  is  divided  Into  taJf-degrees,  and 
figured  from  0  to  90  on  each  side  of  the  centra  line  of  zeixia. 

The  magnetic  needle  is  from  4  to  6  inches  long  in  the  different, 
sizes  of  compasses,  having  set  in  it«  centre  n  piece  of  hmdcned 
eteel  highly  polished,  whiab,  re&ting  upon  the  hardened  point  uf 
the  centre-pin.  allows  itie  needle  to  turn  freely,  horlzoDlally. 
vid  to  take  its  direction  in  the  magnetic  meridian. 


ealeiLl 


92.   The  needle  is  lifted  from  its  support  by  a  conce 
Bpriiig  HCtualed  by  u  aurww.     The  tent  of  the  delicacy  of  a 
maguutic  ueedltt  is  tliu  number  of  vibruUous  which  it  will  make 
in  a  certnin  arc  before  coming  to  rest. 

>VTicn  the  compass  Is  not  in  mbc,  Ihc  acedle  should  be  screwed 
up  ngainst  the  pb^K,  and  the  inMrumoot  Bet  so  that  tJie  north'  | 
end  of  the  uei^dle  poioUi  towards  the  north. 


To  Anjrin-  thk  Coiipiw- 

93.  The  Lerelt.  First  bring  the  bubbltss  into  the  centre,  by 
the  pressure  of  the  band  on  diSereut  parts  of  the  pinle,  and 
thi'Q  tuiTi  the  compaBx  hnlf-way  aroiinti ;  Khould  tlit>  bubblcti 
mil  to  the  end  of  tiie  tnben,  it  wonlct  iinlicate  that  those  ends 
were  the  highest:  lower  tlicm  by  tightening  the  screws  immedi- 
ak'ly  tinder,  and  loosening  those  under  the  luwe&t  endit  until, 
by  estimation,  the  error  is  half  removed  ;  level  the  plate  again, 
and  repeat  the  flnit  operation  until  the  bubblea  will  remain  ta. 
the  centre  during  an  entire  revolution  of  the  compass. 


DESCBIPTIOH  OP  DJSTRUJIENTS. 
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94.  The  Sight!  tuny  next  be  U'ettt<l  by  observing  tUrougb  tbe 
alitfl  a  lUie  bair  or  tbread.  mo^lt^  exftnlly  vertical  by  a  jiliimh. 
Sliuuld  tli<<  bair  appear  on  one  ttiile  of  the  elil.  tbu  sigbt  niiiHt 
be  adjustvtl  by  Bliag  off  Its  tindor  i^urface  on  tliat  side  wbicb 
•eema  the  highest. 


95.  The  Seedle  is  adjusted  in  tbe  following  manner :  Having 
the  et^a  u«*riy  m  the  sfictie  plane  with  the  grikduulud  liiu  of  tho 
CODipaM>circle,  with  a  ainall  spltntcr  of  y«ood  or  a  sletidpr  iron 
irire  briog  one  end  i>f  the  occdiv  in  line  witli  nny  prominent 
dJvieioD  of  the  circle,  aa  the-  zero  or  ninety -degree  uutrk,  and 
ootioo  if  the  other  end  cyrrespyuds  with  the  degree  ou  tlie 
oppoBile  side;  if  it  does,  the  needle  \»  said  to  "cut"  opposite 
ikgreeH ;  if  not,  bend  Iho  rcntre-pin  by  applying  a  small  broM 
wrench,  about  oae-eightb  of  an  iucli  below  tbe  point  of  the  pin. 
oatn  tiic  ende  of  tbe  needle  are  brought  into  line  with  the  oppo- 

^^ite  degrees. 

^H  Tbeo.  botdiog  tbe  needle  in  the  Hame  [Maition,  tarn  the  oom- 
^mun  hnlf-nay  aruiiud,  and  note  whetbt'i  it  now  cuts  op|Ki!tltti 
^B^l^^eea  i  >f  not.  uorrect  liulf  the  error  by  beudiiig  the  oevdlci 

and  the  remniDder  by  bending  the  centre-pin. 
^^    Tbe  o{)eratiou  sliould  Ijc  repeated  until  perfect  reversion  Is 
^neoured  in  the  Urst  pohitiou. 

^B  Tbi«  being  obtained,  it  tuay  be  tried  ou  auotbor  quarter  of 
^^Ihe  circle;  if  nny  error  is  there  taaniPested.  tlte  correction  must 

be    made    in    the  centra-pin  only,    the  needle  being  tdready 
Bitraigliteued  by  the  previous  operation. 

96.  Eleotxioity.  A  little  caution  Is  neceitsary  in  handling  the 
compaaat  that  the  glass  covering  be  not  excited  by  the  fnotion 
of  cloth,  silk,  or  the  hand,  so  as  to  attract  the  needle  to  its 
under  mirfaee. 

When,  however,  the  glass  becomes  electric,  tbe  fluid  may  be 
nmovecl  by  breathiug  ii{ion  it,  or  touching  different  parts  of  ita 
enrf^  with  the  moistened  finger. 


PLANE   BUETBTIMO. 

07.   Thfl  KMdlc  l8  reiuftgnetizeil  a*  follows : 

'llic  ojicnitor,  h^ing  piovided  with  an  onliDsry  perrnanent 
laaniiot,  And  holding  it  before  him,  Bbuuld  pai»  with  u  geutk 
l>rfMiirv  tnch  end  of  Uie  ue«dJe  fn>m  centre  to  extremity  over 
lUc  ua^nelio  |iule,  deecribiiig  before  each  pass  a  oircle  of  about 
■tx  loohcH  rmlliiH,  to  whii^h  the  Kurfaoo  of  the  pole  i»  tangent, 
drawing  tlic  n«pdle  towards  hiin.  and  taking  care  that  the 
north  aii<]  thi;  BotitU  ciiOh  uru  applied  to  thv  oppoutte  |x>le8  of 
Ihv  mugtict. 

Hboiilil  ih«  noodlo  \ic  rvtume^l  iu  a  path  near  the  magnetic 
polo,  the  i'lirrpnt  indiin'd  by  thn  contact  of  the  needle  and 
magnet,  In  llio  piuta  junt  d<.-acrit)ed,  would  bo  rercnicd,  and 
Ibiw  the  magnetic  virtue  almost  entirely  neutralized  at  each 
oporttloi). 

When  tli«  ni'odiv  haa  l»?en  pna»cd  about  twenty-flvo  timM 
In  «ih'(x>iih{4mi,  In  Uin  manner  jiiat  described,  it  may  be  oonatd* 
«nvl  a*  fVill^  i'hiir^fd. 

A  flnt<  Itraim  wire  iit  wound  iu  two  or  three  coU»  on  the  KHith 
•nrt  of  tliu  ni><>dl(>,  nrid  may  be  mov«d  back  or  forth  in  order  to 
odiDittrpoiiiu  tlii>  varying  wi'ight  of  lb«  north  end. 

8S.  Tba  CcDtr«*Pin.  This  abould  occaaionally  be  examiocdt 
and  If  niiidb  dtilk-d,  takvu  out  with  a  braas  wrench  or  with  a 
|iair  of  \t\'wn,  ami  HhariicDrd  on  a  Itatd  oil-etODe  —  th«  operator 
filadng  il  In  tliu  viid  of  a  smalt  alocn  of  wood  or  a  pin-vtsst 
and  delicately  twirling  it  witli  the  fingers  as  he  move*  it  back 
and  fiorlli  at  an  nugle  of  about  SO  degrees  to  the  surface  of  Uu 
atona. 

When  Uia  point  la  tJius  made  so  Bne  and  sharp  as  to  be  In- 
vinlbli-  to  tb(>  cyu,  it  should  bv  smoothed  by  rubbing  it  on  Um 
M)rfnv»  of  a  soft  and  clean  piece  of  leather. 

9d.  Weight  The  average  weights  of  the  diflierent  sizes  of 
compikMM-s,  iueludiiig  the  bnitw  head  of  tbc  jacotxtaff,  be> 
ginning  with  the  emalleat,  are  re&peotivcly  ^  7},  and  9^ 
ponnds. 


DESCElPnOK  or  IKSTRUMEST8. 


Thb  Vebxix». 

100-  A  Ternier  is  an  anxtlint^  ncale  for  mrosuriii)!;  smaller 
livifiionH  tbun  those  into  wliicli  u  itriulualud  sL-uk  or  limb  ia 
dmded.*  The  Bmallest  rending  of  the  veroior,  or  ten**  cwwRi, 
is  die  difference  in  lenglli  belweeu  oue  diviBion  on  ihe  gradu- 
uImI  BCJtl«  or  limb,  and  on«  ou  the  vernier.  If  the  divisions  oa 
tfie  vernier  are  sinaUer  tliau  those  on  the  limb,  tlic  vernier  ia 
direct;  if  the  reverse,  retrograde. 
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Lei  Llif  nprtaant  aDv  scale  divided  into  tenths,  aud  vre  wish 
to  measarc  or  read  to  tenths  of  tliese  diviBionit,  i.e.  to  j^. 
Uatng  a  direct  vernier,  wc  should  have  1(1  spaces  on  it  equal  to 
9  on  the  scale,  and  each  uue  of  ttittm  equul  tu  ^  ofy^ ,  or  i^, 

tlie  scale  graduution  :  giving  h  leuM  cuant  of  -^  ~  -pg^Q  =  y^, 
aa  desired.  To  read  to  twentieths  of  the  (livisioiis  on  the  scale, 
we  should  have  SO  divisions  on  tlie  vernier  corresponding  to  19 
on  the  !t<<ale,  (HT  each  space  on  the  vernier  equal  to  ^8  - 1^  =  jV^, 
and  giving  a  litcul  count  of  jSV"  Vift  =  ihi- 

In  gcoerol,  if  ji  =  the  sinulleat  divi^iou  of  tJie  scale  or  limb, 
V  =  the  sinuUeat  division  of  the  vernier, 
«  =  nnmbcr  of  divisions  on  tlio  vernier, 


wc  shall  liflvo  least  count  =  »  —  w  =  — 

n 


W^ 


*  It  darlTM  Iti  naine  from  I'vtvr  Vcmivr,  1931. 

t  It  ia  CTidently  Immaterial  wh«llR>r  L.Vln^  itralg'ht  or  curved. 
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Or,  the  leant  count  of  a  vernier  is  e(|ua1  to  tiie  smoUeat  division 
^of  tlifi  8Cfl.t«  or  limb  divided  by  the  number  of  divisions  on  the 
mier.+ 
If  s=  ^  degree,  and  »  =  3U.  as  orditiiirily   I'uuud  un  transit 
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|)lHte!!,  the  Iciiet  count  wU]  bu  ^  +  80  =  ^  of  n  degree  =  one 
miaiite. 

If  a  =  ^  degree,  and  n  =  40,  ofteniimea  found  on  vertical 
nn-8  to  solnr  nttncliments,  the  smaLleat  readJug  =  |  -~  40  =  j^ 
of  a  degree  =  If  minute. 

To  space  a  Ternier  for  a  g'lvuu  least  count*  say  10",  on  a  limb 

9  10 

^nduntcd  to  10',  we  muBt  have  n  = =  — -=t60  spsoea. 


covering  b9  spaces  oo  ibe  limb. 


«— V      ^ 


lOl.  To  read  an  Instrument  having  a  veniier  consists  io 
dctci'niiuiug  tbu  tiuuibi-T  <ti  iiuitu  ami  fractional  parta  tliOKof« 
into  wliich  iU  scale  or  limh  may  be  divided,  from  the  zero  point 
on  iiie  limb,  wliere  ttta  grndualion  begins,  to  Che  zero  point  oC 
the  vernier. 

It  is  accomplished  ok  fullnm-s  :  Take  the  i-eadtng  of  the  scale, 
Bf)  shown  bv  tbv  Imi  graduatiou  picccding  the  i:cro  of  the  ver- 
nier ;  then  find  a  line  ou.  the  veruier  which  coinc-ides  viUi  a  line 
on  the  scale.  The  number  of  tliis  line,  aa  indicated  by  the 
graduation  on  the  vernier,  shows  how  many  units  of  the  teait 
count  are  Co  be  added  to  the  Urst  reading. 

EXERCISES. 

1.  A  ]erelling-rod  ia  graduated  into  feet,  tenths,  and  bun- 
dredtha.  It  in  retgiiired  to  spaee  a  direct  vernier  so  that  the 
tod  may  be  read  to  thousandths  of  a  foot. 

2.  Ad  arc  is  grndiiated  into  quarter-degrees,  nnd  a  veroler 
of  SO  parts  covers  29  parts  of  the  arc«  ;  find  the  lca«t  count. 

8.  A  scale  is  divided  into  inchen  and  tenths  of  on  inch  ;  plan 
a  direct  vernier  by  means  of  which  the  scale  may  l>e  read  to 
■^\jf  of  on  inch. 

Man  a  retrogrndo  vernier  to  accomplish  the  same  object. 

4.  Pcsign  a  vernipr  which  when  applied  to  a  limb  gi-adaatcd 
into  20'  will  give  a  least  count  of  20". 


i.  llie  eflsential  pttrt»  < 
«:,  as  sbown  in  the  cut,  «re  the  tfli»cope 
with  Its  aiciK  luid  two  supports,  tbe  dr- 
adar  piatet  with  tlieir  utlacbments,  ibe 
«odbrf«  apou  wLicli  tbe  {ilateB  revolve, 
tbe  lev«llittg-head,  and  ttiv  tripod  im 
rbich  tbo  whole  ir^atranicnt  fitiinda. 

The  Itleaeope  is  fmiu  II)  to  11  iiiclifS 
long,  firmly  iecun-'d  tu  an  »xis  having; 
its  bejinngH  nit'ely  Rttetl  in  the  etand- 
arda,  and  thus  enabling  tlic  t(.'k-»uopti 
to  be   moved   in    eitluT  direction,  or 

Ernwl  comptelelv  aronod  if  di'sin-d. 
The  dilTerent  parw  of  tliip  telescope 
fsliown  in  tlie  atur:;iiial  figure. 
The  objcct-gl«o8  ia  ctiinposeJ  of  two 
tMSi  so  M  to  ;>how  objects  without 
color  or  distoi'tiuii.  is  [ituevd  at  Lbe  eud 
at  a  8]i<li'  having  two  U-nnngo,  one  at 
(he  end  of  thu  uuter  tube,  tbo  other  in 

Itbv  lioK  CC  DUnpcaded  within  tbe  tube 
b}  four  screws,  onlj*  two  of  which  are 
•bown  in  lbe  cut. 
The  objeet-gbsR  in  carried  ont  or  in 
by  a  pinion  working;  in  a  mc-k  alLachiHl 
H||(>  Ibe  Blidti,  and  thus  Kdjutiti>d  to  ob- ' 
^■Jpfls  either  nvor  or  remote  an  desired. 
Tlie  eye-piece  is  made  up  of  four 

■p(.ino-conTcx  lenses,  which,  beginning 
It  the  c;e-end.  are  culled  rtapectivcly 
the  eve,  Uie  Oeld,  tbe  amplirying.  and 
object-lenses,  tbe  whole  forming  a 
n|<oiiurl   microMcope  having  its  fncus 
the  plane  of  the  crtws-wirv  riu};  BB. 
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The  eye-piece  is  bronghc  to  itii  proper  focux  iiftanllT  t>y  twist- 
lug  ite  miU(!<l  end.  the  apinJ  movement  within  imrrving  the  eye- 
tahe  ont  or  in  as  (lesircd  ;  somelimos  n  pinion,  like  that  which 
focuecs  the  object-glaeH.  ih  employeci  lor  the  snme  pui'porte. 

103.  Tho  CroBs-WirM  are  two  fibres  of  8pidcivw«b  or  very 
floe  platimim  wire,  ccmcutcd  Eoto  tbe  cuts  oo  tii«  ftiu-faoe  of  a 


■(> 


mctAl  ring,  at  right  naglcs  to  Moli  otbor,  bo  as  to  divide  tiio 
opeo  space  io  tbe  ocDtre  into  (luactniuta. 

104.  Optical  Axis.  The  iotoraectioD  of  tbe  wires  forms  a 
very  minute  [xiinl.  u'bioh.  wlii'n  tlicy  nre  !idjiiRt«l.  detcmiirieA 
tile  optimi  axis  of  the  telest-opK,  iind  enidiles  llie  sun'eyor  to 
fix  it  iijjon  an  object  wilb  tin-  grL-au-st  precision. 

Tlic  intngiDury  Hdo  puseiag  through  tli?  optical  uxis  of  the 
telescope  is  termoc)  the  '*  line  of  colli mntion,"  nud  the  opera- 
tion of  briuging  tlie  intcmeetion  of  the  wirea  into  tbe  optical 
axis,  is  culled  the  "  iu^iistiueut  of  tLe  tine  of  coUinialiou." 
This  will  be  hereafter  deneribed. 

105,  The  Standards  of  the  Transit  ure  firmly  attached  by 
thfir  vxpauded  basca  tu  the-  upiicr  plate,  oue  of  Ibeiu  hiiving 
near  the  top,  as  shown  in  the  ent,  a  little  movable  box,  actn- 
ated  by  a  »c.rcsr  iindertienth,  by  wbioh  tho  telescope  axis  is  made 
truly  horizoDtal,  as  will  be  hereafter  tlpHcribed. 


I 


4 
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Th«  upper  plate,  JJ.  carn-ing  the  conip«s8-cirole,  stwidRrdB, 
»lo.,  is  Tastencd  to  tlic  nniiges  or  ttio  socket  K,  which  is  fittecl 
to  tfae  upper  conical  aiirfnrt!  of  the  tnniii  ntx-ket  f;  tlie  weit^lit 
of  tU  the  p»rlB  liL-iug  supporLetl  ou  thf  hiiuiII  l>uunngH  of  the 
tai  of  tbe  socket,  as  shown,  so  as  to  turn  with  tb«  least  ixtseible 
Wction. 

A  email  conical  centre,  in  vliic-h  from  helov  in  inaert«d  a 
•trong  »crew,  la  brought  dciwn  lirinly  upon  Iho  upper  vnd  o( 
tbe  main  oocket  C\  nnd  tliun  IkdIiIs  tliu  two  pliitea  of  the 
tlifttnuneut  sccarely  together,  nhilv  at  thf  sniue  tiute  allowiag 
tliem  to  move  freely  around  each  other  In  use. 


68 


PhJiHE  8DKVEVIN0. 


A  Binnll  <lisc  above  tht!  conical  c«iitrc  cootAiiie  tbe  steel  oi 
tre-piu   ii)Kin  vrhicU  rcsta  tlic  uccclJo,  »»  nbuiru  ;   the  diflc  ia  fas- 
toned  to  the  uppcjr  ptate  by  two  »m«H  screws,  as  rt'i^-estfutoil. 

Tbe  maiu  (KH'ki^t  with  all  its  parts  ia  of  the  betit  bell-tiM>tal 
and  is  taoat  carefnlly  ami  thoTouEfbly  intuli',  tljf  long  bearing  of 
tbe  Bockets  ioBUiing  their  Hrin  aiid  ea»y  movf.iiieut,  while  at 
tbo  same  time  tlicy  arc  entirely  out  of  the  reach  of  dust,  or 
otlier  souix-e  of  wear. 

Wlieii  (k-jtin-d,  ilif  wliote  uppwr  part  of  the  iualrumeut  can  be 
taken  ofT  from  the  ^pindli^  by  pulling  out  the  ht-iul  uf  the  spriiii; 
catch  at  S,  and  n-ht-u  replaced  will  bo  secured  by  the  self-acting 
•priog  of  tho  eau<h. 

Tho  ligure  also  shows  tlif  foVBrs  of  the  levoUing-Bcrewa,  the 
shUtiu^  c('iilR>  uf  thu  \ovctT  k-vL>lliug-plutt>,  aad  th«  iicrvw  aud 
loop  for  tbo  att.HchinEint  of  th(^  pliimnnet. 

The  compase-bos,  conLaiiiiti^  the  needle,  etc.,  is  covered  by 
a  gloss  to  exclude)  the  moiiiture  aud  air :  the  ciitle  U  silvered, 
Olid  is  divid«{l  on  its  upper  Kurfaoe  or  rlni  iuto  degreea  aud 
half-do^roL^,  thv  de^«e  marks  being  also  cut  down  on  its  loner 
edge,  nad  tigiired  from  0  lo  Si)  ou  each  side  of  the  centre  or 
lino  of  zero. 


106-  The  Magnetic  Needle  i»  fmir  to  Ave  inches  long  in  tbo 
different  eizeii  of  traiisitx,  ite  braHS  cap  having  inseitifd  in  it  a 
little  sofkcl  or  ceiittt:  of  harilened  hteel.  iK-rfeclly  |)oIi7>huil,  and 
thiti  renting  ii|>on  tlie  hanleninl  and  imlislied  point  of  the  ccatre- 
piu,  allows  the  nccdlo  to  play  freely  io  n  horizontal  direction, 
and  thnn  take  itH  direction  in  tbe  magnetic  meridian.  The 
nei^dle  baa  it*  nurlh  end  df»igUHt«<l  by  a  suallop  or  uther  mark, 
and  on  ila  south  end  a  flmall  t^nil  of  fine  brass  vire,  eaaily 
moved,  BO  a«  Ut  bring  both  cnJii  of  the  needle  to  Ibc  eome 
level.  Tlic  needle  is  lifted  from  the  pin  l>y  a  concealed  spring 
underneath  the  upper  ptatf,  actiiatt'd  by  a  screw  showu  above, 
tints  raining  the  button  .so  as  to  check  the  vibrations  of  the 
needle,  or  bring  it  up  a^ninat  the  glass  when  not  in  uae, 
avoid  tbe  anDcccssary  wear  of  the  pivot. 
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107.  The  Clunp  and  Tftngent  MoTemeiit>  ehown  in  tb«  eu- 
grariug,  pofje  G-1,  nttactied  to  tlie  plnlca,  servos  to  fasten  tli«  two 
plates  together,  bo  that  by  the  tangent  screw  tliey  can  be-  slowly 
movutl  around  mich  oilier  iu  I'ithvr  Uirfution,  or  IoobciicU  at  will 
and  movc<l  by  the  h&ad,  thus  caabling  one  to  direct  Ui«  tele- 
scope rnpklly  find  aiiMiriiUtly  to  Uit>  i)oitil  of  Ki<^ht. 

The  Two  LeveU  are  nhown  pliiced  at  right  niigli?^  to  each  other 
fto  as  to  level  the  i>Iatc  in  all  dircctioiia,  and  adjusted  l»y  titm- 
ice the  cfipslau-lic-ud  serene  at  their  amh,  by  o  email  »tcd 
adjusting-piu.  The  gliiHB  vials  used  in  the  levels  are  ground 
on  their  upper  interior  NiirfKOt-.  »«>  as  to  lunbo  the  bubble  mcva 
evenly  and  with  great  seiisitivcneas. 

lOB-  The  Lover  Plate,  or  Limb  BB,  ia  divided  on  its  upper 
eorfaee  —  imnally  into  do(;r*'e«  and  liall'-doprces  —  and  generally 
figured  in  two  rows ;  viz.,  Trom  0  to  360,  and  from  0  to  90  each 
way. 

109.  Tbe  Terniert  are  double,  having  on  each  side  of  the 
zero  mark  Uiirty  equal  divisiona  corrcspoiidinj;;  preerscly  with 
twentr-aine  balf-dugrees  of  tlie  limb;  they  thus  tcad  tn  single 
miDuteSt  Aud  the  number  pa»s(;d  over  is  cituutud  il  llic  Bams 
direction  ia  which  the  vernier  is  moved. 

The  use  of  two  opposite  vcrniera  in  thia  and  other  iuHtm- 
ments  gives  the  meann  of  "  croHa-i^ih-stioning  "  the.  graduations, 
tb(5  {jcrfcctiuit  with  wliicli  tliey  are  ceutrL-d,  and  ttic  depeudeDce 
which  f-au  be  placed  U|K>a  the  accuracy  of  tim  angha  indicated. 

Reflectors  of  silver  or  celluloid,  as  In  the  mouataiii  transit, 
are  often  uaed  to  throw  more  light  upon  tbe  divisions,  and  more 
rarely  shadcH  of  ground  gloss  arc  employed  to  give  a  clear  but 
nKiru  ftutxlued  light. 

HO.  The  Graduations  arc  made  commonly  on  the  braes  ftur- 
face  of  the  limb,  afterwards  lllled  with  black  wax,  and  then 
(tnished  and  silvered.  Many  instnunoiils,  however,  have  a 
Bolid  siker  plate  jmt  over  the  brass,  and  tlie  graduations  made. 
00  the  silver  itaclf. 
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The  last  is  more  ctiall;.  but  inaurca  a  fiiicr  grotluadoDt  frith 
IcSB  liubility  to  taniisb  or  cliniigv  oulor. 

111.  The  Sooketa  of  the  traiuit  are  compound:  the  interior 
•ptudle  aCLactied  tu  tUe  veriuei*  plate,  turning  iu  Uie  vxterior 
socket  C  when  nn  aii^lc  is  taken  on  the  limb ;  but  when  the 
platog  ftrc  cliimiicil  i(»[»cther,  the  cxt*?rior  socket  itself,  and  with 
it  the  vholo  instruin^ut,  revolves  in  the  socket  of  the  levelling- 
liend. 

The  sockets  are  wade  with  the  greatest  care,  ,tbe  suifacea 
bclQv  truly  concitniric  with  each  other,  and  the  bell-metal  or 
coni|»o8ition  of  which  tlwy  are  composed,  of  different  dcgn>e« 
of  liardiicHs,  »u  ua  U>  oaiiaL-  tlit-iii  Ui  idovl-  ujiod  each  other  eaaily 
and  with  the  leiist  posftible  vrear. 

The  levelliQ^-hcad  also  consUc*  of  two  platce  couoected  to* 
getbcr  by  n  rinrket,  having  nt  iU  end  a  b{>iii iH|diencal  nnt,  tiltiag 
into  H  corres^ioiidiug  cavity  iu  the  lower  {ilate. 

The  platea  are  iiiuliiiod  to  encli  other  or  made  paratlel  at  will 
bv  four  tevelUng-screws,  of  which  only  two  are  ehoira  ia  the 
section. 

The  Bcrcwa  are  of  bronze  or  bard  coni[>o9ition  metal  and  Btt«d 
to  long  uut»  of  briias.  »erL*wecl  into  the  upper  parallel  plate ; 
and,  a8  Mill  he  noticed,  have  tlireadi^  only  on  tbc  upper  ends, 
the  lower  part  of  their  stems  turuing  closely  iu  the  lower  aa- 
tlirtjadcd  ptirt  of  ibtt  nuts. 

Hy  this  arruDgemeat  duat  is  excluded  from  the  lower  ead  of 
the  tH-rewB,  while  thv  brass  cover  above  equally  protects  the 
other  end. 

The  screws  rest  in  little  cups  or  sockets,  wbicti  arc  secured 
to  th4?ir  ends  and  in  which  ttiey  turn  without  marrirvg  the  sur- 
face of  the  lower  ptuU?,  lUi*  cups  nltto  ptTiuitliug  the  sorews  to 
be  shifted  from  side  to  side,  or  turned  around  in  eitJier  dlroo* 
tion  on  the  lower  plate. 

The  damp  aud  latit^ut  movemcDt  of  tbe  levelliug-hfiad  aervca 
to  turn  the  wbol«  instrument  upon  its  sockets,  so  ua  to  fix  the 
telescope  witli  precision  upon  any  giveu  point,  and  wbvo  un* 
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clamped  allowiop  It  to  be  directed  approximately  by  baod. 
Th<t  tangent  screws,  aa  will  he  sc«ii<  press  ou  opposite  aides  of 
tb«  clfttiii>-picce,  and  tliua  insure  a  very  floe  and  solid  movement 
of  Uie  inatniiueat. 

112-  The  Lower  Levellmg-Flate  is  made  in  two  pieces  —  the 
npper  006)  wbicb  is  screwed  fust  to  Iht  top  of  the  tiipod,  having 
a  large  opening  in  its  centre,  in  which  the  ^innltcr  lower  one  is 
sbifted  rrom  side  to  side,  or  turned  conijiletely  umiiiid. 

By  ibia  simple  urraugeint-nt.  tL-rined  ii  nJiifiiiiij  centre,  tlie 
iDstrunient  is  easily  moved  over  ih<!  tijiper  pliilv,  nnd  thupluni- 
met  which  bangs  from  th«  centre  P,  set  precisely  over  a  iwint, 
without  moving  the  trijind. 

113.  The  Levelling'Head  of  the  engineer's  transit  is  attsclied 
to  the  Buckets  bv  u  screw  nud  wutsber  below  ;  it  ean  be  removed 
tor  cleaning,  oiling,  etc.,  but  should  be  in  place  when  tbc  Id- 
Blrumenl  is  in  nse,  or  packed  for  tranaportallou. 

114.  The  Tripod  lias  tliree  mahogany  legs,  the  npper  ends 
of  wtiicb  arc  pressed  tinniy  on  each  side  of  &  strong  tenon  ou 
the  «oUil  bronite  himd  by  a  bolt  and  nut  on  n]ipn»ite  Hides  of  the 
leg;  the  nut  can  also  he  Bcrewi^d  np  at  will  by  a  wrench  fur- 
Diahed  for  the  pnrpose,  nnd  tlin^  kept  firm. 

Tbe  lower  end  of  the  leg  has  a  brass  shoe  with  iron  point, 
securely  fastened  and  riveted  to  the  wood. 

115.  To  Adjust  tbe  Traneit.  Kvc-ry  Iniitrutncnt  should  leave 
tbe  lianda  of  tla-  uiiikor  in  loiuplete  adjuslintsnt  i  but  all  are  so 
liable  to  derangement  by  accident  or  careless  use,  that  we  deem 
it  noocssary  to  describe  particularly  tbi>i«e  wbicb  arc  moat  likely 
to  need  attention. 

Tbe  priacipal  adjustments  of  the  transit  are : 

1 .    Tke  Levels. 

S.    Tfie  Line  nf  CoUimation. 

3.    The  :jHattdar^$. 
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116.  To  Adjiut  tho  LgtaIa.  dtruiucut  upon  ito: 
tri])oil  iw  iiotii'ly  k'Vi-l  lu  may  he,  'iig'  unciaiii|H.-'i  Uw 
pluteii,  brin^  the  two  levels  al>avc  b  ^n  s  litio  with  the  tvo 
pairn  of  Icvvltiog-Bcrcira  ;  Uien,  witb  th^  thumb  and  flrei  Qoger 
of  etit-li  lintid  ('l]itt|j  till.-  liL'uds  vt  tno,  oppusitt.- :  naij.  tiiniinf; 
both  tliumbe  iti  or  out,  as  may  be  needed,  briug  tbc  bubble  of 
tlie  levol  directly'  over  tlic  hcti^ks.  exactly  to  ili«  centre  of  tli» 
opetiing.  Wiibout  intiving  tlie  iiiHtruni(>nt.  proceed  lu  tbe  sama 
Diiinnrt'  to  briiii^  lIil*  otlivr  bubbk'  to  ibt  centre;  after  doin^ 
tbia,  tlie  level  lirst  corrected  may  be  tbrowii  a  little  oat:  bring^ 
it  in  n^ain ;  nnd  wlivn  both  nrc  in  [tlnce,  turn  th«  inBtrutaeat 
hnlf-way  aioiiiid:  if  thn  hiibblo«  lioUi  corcio  to  tbc  ecritrt',  tbey 
would  neud  no  uoiTuction,  but  if  not,  with  the  adjnitting'piB 
turn  tbu  miiiill  ecrt-ws  at  tbv  vud  of  tht;  kvuls  until  the  bubbles 
are  moved  over  half  the  error;  then  bring  the  bubbles  a^ia 
into  ihc  conlre  by  the  levcllinR-serews,  and  ri-|>oat  Uic  operalioa 
antil  tbe  bubbles  will  remain  in  the  centre  during  a  complete 
revoEulioD  uf  the  iuettiuuienti  awl  the  ndjuatment  will  be 
complete. 

117.  To  Adjast  the  Line  of  CoUimttion.  To  make 
adju^tmeul.  —  which  i;^,  iu  other  nuidi^,  u>  bring  the  In' 
gedtioii  of  the  wirus  into  llji-  opUcul  iixU  of  tbe  telescope, 
tliat  the  tniitnimciit,  when  pinrod  in  the  middle  of  a  ttlraigbt 
line,  will,  by  the  revolution  of  tbc  telescope,  cut  itfi  extreiniUeSi 
—  proceed  ar  follows: 

Set  tlie  instruiufut  iLriuly  on  the  ground  iind  level  it  eare- 
Ailly  :  nnd  then,  having  brought  tbe  wireis  into  tbe  focus  of  Uie 
eye-piece.  ndjuBt  the  object-glass  on  some  well-dolliietl  poi□^ 
&«  Mic  cdjt<!  of  «  chimney  or  other  object,  at  a  distant.^  of  from 
200  to  500  feet ;  determine  if  the  vertical  wire  ia  ptiimb,  by 
clamping  the  iustiuiueut  firmly  and  applying  tJie  wire  to  tbe 
vertical  edge  of  a  building,  or  nhserving  if  it  will  move  pamllcl 
to  a  point  taken  a  little  to  one  side:  «liuiihl  any  deviation  be 
mniiifcfited,  looAcn  the  crt>!iH-wir(>  BcrcwH,  and  by  the  pressure 
ofUie  hnttd  on  the  hoitd  outride  the  lube,  move  tbe  ring  nmund 
until  the  terror  i»  i'orre(-li*<l. 


I 
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The  wirea  being  thog  miuie  rcxpcctivRlj'  horizontal  nod 
T«rtical,  fix  tUfir  point  of  bh.-ntvc:tiuu  on  Ibc  object  selected ; 
clfttnp  tiie  iiisti'iimeut  to  ttic  Hpiudlc,  ami  liitviuf;  rerolviMl  the 
tekAOope.  And  or  place  some  good  object  in  the  oppoeite  direc- 
Cioo.  and  nt  altnnt  Che  snmo  distance  from  the  iuetrumout  u 
the  Bret  object  iiMumed. 

Gi'Cftt  cAn  shoulj  ittfra/s  bo  tukca  Iii  turtiiag  tlie  telcHcopc, 
that  the  poHJlion  of  ilia  iiiAtrutiicDt  upoti  the  spiodle  is  not  io 
(be  sligbt««t  tIcKrc«  disturbed. 

Now,  luiring  found  or  pt>u<pd  na  object  which  Uvs  vertical 
wire  biMcU.  miclxm]}  the  instmmuut.  turn  it  hsilf-wuy  nrutitid, 
mad  direct  the  telescope  to  the  firtit  object  ^t-lei-Lud;  linvuig 
blftcct«<l  tlkia  with  bhc  wireis.  ^ain  cUmp  tlie  inatntmonC. 
rerolve  the  tc]e.ioup«.  aiid  tiote  if  the  vertical  wire  btKeclK  the 
second  objeol  oliscri'oil. 

Sliuiihl  tills  li^ippen,  it  will  indicate  tlint  tliu  wires  are  in 
adjustoieiit,  an<l  the  points  bisected  are  with  that  of  the  centre 
of  (be  inatruiucDt,  in  th«  sumc  straight  Uoe. 

If  iii>t,  however,  tlm  st|iacc  whieli  Hcpnmtcii  the  wirea  fVonj 
tlK  Kecoud  point  observed,  will  h<>  double  th<->  devintiou  vt  that 
point  froo)  a  tnie  straight  Unit,  which  may  he  conceived  a« 
ftrawp  through  the  first  point  and  the  centre  of  the  instrument, 
since  ttii:  error  is  the  result  of  two  ohscn-Atious.  in&d<i  with  tho 
wires  when  tbey  are  out  of  the  optical  axis  of  the  tolcecope. 


n- 


For,  M  in  the  diagram,  let  A  rcprcBCDt  the  centre  of  the 
uifttruTnent,  and  ISC  the  itnogiuury  straight  line,  ij[>i>[i  Uie  ez- 
UetbilieB  of  which  the  line  of  collimaliou  is  to  be  sdjnntvd. 

B  nrpresejits  the  object  flnst  selected,  and  D  ihe  point  which 
tlie  wires  biaocted.  when  the  tclc8co|}c  was  made  to  revolve. 

When  the  Inntrnnient  Is  turned  half  around,  and  lh«  telescope 
■gaia  directed  to  B,  and  once  more  revolved,  the  wires  will 
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bisect  an  object  E,  situated  *s  far  to  one  side  of  the  true  Unt 
as  the  point  If  is  on  cbe  other  side. 

Tlie  sfnce  DE.  is  tlierofore  tbo  mm  of  two  devifttiODS  of  tfa« 
vires  from  a  tnie  strnif^ht  line,  and  the  error  U  made  Tei^ 
Apparent. 

lu  order  to  correct  It,  nso  tlie  tvo  cnpstan-hend  screws  on 
the  sides  of  the  tetesnope,  these  being  the  ones  which  affect  the 
po«itiou  of  the  vortical  wire- 
Remember  tliat  the  eye-piece  inverts  the  position  of  the 
wires,  and  therefore,  tbut  in  loosening  one  of  tlie  screws  and 
tSghtcniug  tlie  other  on  the  opposite  side,  the  operator  mast 
pro<:*«d  as  if  to  inea-aw  the  error  obucrved.  Having  in  this 
manner  isorcj  back  the  vertical  wire  until,  by  estimatioD.  one* 
quftrt«r  of  the  Hpact!  IfJC  haa  been  passed  over,  return  the 
instrument  tu  the  poiut  B,  revolve  the  telescope,  and  If  the 
correction  lm»  been  cnrefully  made,  the  wii'es  will  now  hi»ect  a 
point  C\  situated  midway  between  D  nnd  E,  and  in  the  pro- 
lODgatioD  of  the  iuoginari'  lice,  passing  through  the  point  B 
and  the  eentrff  of  the  inatrument. 

To  utcertuin  if  such  is  the  esse,  turn  the  instmneDt  half 
around,  ftx  the  telescope  upon  Ji,  clamp  to  the  spindle,  and 
again  revolve  the  telcBcopo  towards  C  If  thi-  wires  again 
bisect  it,  it  will  prove  that  they  are  in  adjustraeat,  and  that 
the  points  B.  jU  C,  all  lie  in  Hw  same  straight  line. 

Should  the  vortical  wire  strike  to  one  side  of  C.  tlie  error 
xnnst  he  corrected  precisely  as  above  described,  until  it  is 
cntirciv  removed. 
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U6.   To  Adjiut  the  Standards.     In  order  that  the  wires  nurjrd 
trace  a  vertical  line  its  th^;  telescopf  is  moved  up  or  down,  it  is 
necesiiary  thm  both  the  standards  of  the  telescope  shoald  be  of^^ 
preoiaely  the  same  lieight.  ^M 

To  ascertuiu  this  and  make  the  correction  If  needed,  proceed 
as  follows : 

Haviog  the  line  of  coUimalion  prcvlowely  adjusted,  set  ap  thai 
iostrnment  in  a  poaition  where  points  of  observation,  sach  ai-j 


IHBBOBIPTION  Of  I&'STnUM£N'TS. 


76 


llie  point  and  base  of  a  lofty  spire,  can  be  selected,  giving  a 

long  rflDge  id  n  vertical  direction. 

Lerel  tb«  intitrtimeDt.  tix  the  wtrea  od  the  top  of  tbo  ohjfttit, 
aud  clamp  to  Iliv  ejiindle ;  tlii^ti  brii)<j[  tlii)  t^ltttcupe  duvro.  tinlil 
\be  wires  bisect  soihl-  gooil  point,  either  fottud  or  murkvd  si  tlic 
base ;  turn  tiie  inetruincnt  half  around,  fix  tbe  wiren  on  tlie 
lower  point,  damp  to  the  spindle,  and  raise  the  tel<>eoot>e  to 
the  higheel  objevt. 

If  tbL>  wires  bisect  it,  th»  vertical  adjtisliupiit  iti  ufTected ;  if 
tbe,v  are  thrown  to  eitlier  &idp,  this  would  prove  that  the  stniid- 
ard  opposite  that  oidc  vras  thu  biKhc»t,  the  apparent  error  being 
double  tluit  actually  diit)  to  thia  cauao. 

To  correi't  it,  one  of  the  bearinga  of  tbc  axis  is  mode  mov- 
able. 80  that  bv  turaiog  a  screw  uudementh  this  tiliding  piece, 
oa  well  as  tbe  screws  whicii  bold  on  the  cnp  nf  the  standardt  the 
adjaatmeal  is  made  with  the  utmost  preciisioD. 
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OmER  Adjustments  of  the  Tbaksti. 
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Besides  the  three  adjuittwi'tils  idready  de»crit_>ed  —  which  are 
all  that  tbe  surveyor  will  ordinarily  tmvc  to  make  —  there  are 
those  of  the  oredle  and  the  object-glass  slide  which  mar  aome- 
timea  be  rixpiircd. 

The  first  is  gu'cn  with  the  deecription  of  tbe  compaHs;  the 
bust  will  now  be  described. 

119.  To  Adjast  the  Object-Slide.  Haring  set  ap  and  levelled 
thA  ioatniiooiili  the  lino  of  coUimation  boing  also  adjusted  for 
objects  from  3U0  lu  -OUO  (wl  disunt.  damp  the  plates  Becurely, 
and  fix  the  vertical  croKs-wire  upon  an  object  iis  distant  tut  may 
be  distinctly  seen;  tlicu.  withmit  <Iifltu]-i>ing  thf  iiLitrnnient, 
throw  ont  the  object-Klin's,  ^o  aa  lu  brinij  Ihc  vi-rticiil  wire  iijion 
in  object  as  near  ns  the  range  of  tbe  teleaoopp  will  allow. 
Havmg  tliia  clearly  in  mind,  luiclamp  tlie  limb,  turu  the  iuntru- 
nmit  half-way  aroiind,  reverse  the  eye-end  of  the  Iclexcopv, 
damp  the  limli.  and  with  the  Langent-scrcw  bring  the  vertical 
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win  igua  apoo  tbe  Dear  ob)Mrt :  then  <In«  in  the  ' 
•ade  udUI  tbe  dtstaQi  ob)eci  first  sigtited  upon  is  bron^t  into 
^m&xt  VMMB.  If  Um  vertical  wire  »triluu  tbe  muim  Uo«  u  tX 
ftnt.  tbe  bIMc  U  correct  Tor  both  near  umI  renote  objects ;  and, 
bclag  U»clf  stmigfai.  (or  sJt  distaooeB. 

Bat  if  tbmv  be  in  errtH-,  proceed  as  folloirs :  flr»t,  iritfa  the 
tbumb  and  forefloger  twist  off  tbe  tbio  braas  tabe  that  coven 
tbe  acrewit  CC  sbown  la  Ukc  Mcttoiul  view  of  tbe  lele&oopt. 
p.  94-  Nest,  witb  tbe  Bcrew-drirer,  torn  tbe  two  screws  CC 
OB  the  apposite  tidet  of  tbe  telescope,  loowoiog  fwe  and  Ugi 
■ling  Ibe  oUkt,  to  as  flf^isreDtlT  to  increaae  tbe  error, 
bjr  fttiinitifwti  one-lialf  tbe  oorrectioa  required. 

Thea  go  over  the  asaal  adjastmeat  of  tbe  line  of  coUinwl 
and  having  it  oomploted,  repeat  tbe  operation  abora 
first  sigbtjng  uiion  tbe  distant  olijM-t,  tben  finding  a  neari 
in  lino,  and  llu'O  re\-eraing,  mabing  fxirrection,  etc.,  until  ibe 
adJBstnieDt  is  cocnplctc. 

laO.  To  Vte  tbe  Trannt.  Tbe  inatnunent  should  be  set  np 
firmly,  the  tri|xxl  legs  beioj;  preeaed  into  tbe  ground)  m>  as  to 
bring  tbe  pl&tes  as  aeatiy  level  as  coDveoient ;  tlie  plates  tbonld 
tiieu  In*  cnrerullv  levelk-d  ilnd  properlr  clamped,  the  zeroe  of  tba 
vemiera  nod  limh  brau^bt  into  line  br  the  tipsier  Lungcnt-scrtiii 
and  the  tirleiMXipe  directed  to  the  object  hy  tbe  tangent-aorews 
of  lev«lliog-he«d. 

The  anglw  tjikcn  are  then  read  off  apon  tbe  limb,  witbout 
aubimctii^  from  tbotte  given  bj  the  verniers,  in  any  olbof 
pusitiuR. 

Itcfore  an  obscnation  is  made  with  the  tc]c8co{>c.  tbe  eire- 
piece  should  l>c  inoT«d  in  or  out,  nntil  the  wirea  appear  distinct 
to  tbe  eye  of  tbu  opemtur ;  tlic  object-glass  is  tbeu  actuated  by 
taming  the  pinion*bead  until  the  object  is  seen  clear  and  well* 
defined,  and  the  wires  n.ppc«r  a»  if  ftthtened  to  its  surface* 

The  intcncction  of  the  wires,  licin^  the  meatks  by  wbicb  tbe 
optical  axis  of  the  tcleocope  ifl  deflncd,  ahoold  be  bronj^bt  pre- 
cnelT  npoD  tbe  centre  of  tbe  obj<>4^t  to  which  tlie  iDstrument  if 
directed. 
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The  needle  ia  nsed,  as  in  tbe  compass,  to  gire  the  bearing  of 
tiarti,  and  na  a  rougU  t-ltuck  upoii  tliu  iingli:H  ubtnlucd  bv  ibc 
ri-rnicrs  and  limb:  but  iUi  cmploytueut  is  only  subsidiary  to  tlie 
gvuenU  purposcB  orttie  trucmtt. 

121.-  Attachments  of  Transits.  The  engraving  of  the  Siir* 
Teyor's  Transit  rcprcscnta  the  Httficliiuvntit  often  uppliud  tu  the 
EugiD««r*s  Transit,  y\z,  -.  T^rtival  circle,  level  on  telescope, 
and  damp  and  taiiguut  to  tck'Bcojw  uxls.  Tliev  are  of  iwe 
where  Approxinmte  levelling  and  vertical  angleti  are  to  be  taken 
in  conncctinn  vitli  the  ordianry  iihl>  of  thv  transit,  nud  with 
their  adjustuivnto.  vU:.,  will  now  be  dcscrilH-d. 

122.  The  Vertical  Circle  Urtiilv  Keciured  to  tbc  axis  of  the 
telescope  in  4^  inches  in  dinnirtcr,  pinled  with  t^ilvei'.  divided  to 
bftlf-degrc«s.  ami  with  its  vernier  enables  the  surveyor  to  obtain 
TCrtionl  aagl«a  to  single  ininuti^ii. 

323.    Tb«  Level  on  leleicope  coneists  of  a  brass  tnbe  about 

6J  iiichea  l<nig,  en<rh  t-nd  of  wlildi  is  hold  bctwrii-n  two  papstan- 
nutii  connt'C'tctl  with  a  seruw  ur  stem  attached  to  the  under  sido 
of  tbe  teleacope  tube. 

124.  The  damp  and  Tangent  fnnBiots  of  an  arm  at  one  end 
encircling  the  telc5C0|R-  :i\in,  and  al  the  other  LtJiiuected  willi 
the  tongent-Bcrcw  ;  the  clnru))  ih  fastened  at  will  to  tlio  axis  by 
s.  clamp-wrew,  inscrtod  at  one  sido  of  the  riiig,  and  then  by 
taming  the  tangent-screw  the  teltscopc  is  raised  or  lowered  as 

125.  To  Adjust  the  Tertioal  Circle.  Having  tbo  instmmctit 
firmly  mvt  ii|>  and  cait-fidly  k-vektl,  bring  into  line  tbe  jceroa  of 
tbe  circle  and  vernier,  niid  witli  ihv  ttlescupc  find  or  plaec  some 
wcll-doBncd  |>oint  or  Hue.  from  '2W  to  3(J()  feet  distant,  which 
ia  cut  by  ihe  horizontal  wire. 

Turn  the  instrument  bidf-way  aronnd.  revolve  tbe  telescope, 
and  (IxinfT  tbc  wire  ii|>uu  the  name  point  an  before,  uotu  if  the 
zeros  ar«  again  in  liue. 
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If  not,  loofieD  the  capHtAn-liead  BcrevBt  which  faaten 
vernier,  aiiti  m»ve  llic  zero  of  the  vcraicr  over  liu.lf  tlic  error ;  " 
bricg  tlic  zeros  ftgaio  into  coincideacc,  aud  proceed  precisely  aa 
at  firet,  until  the  error  is  entirely  corrected,  wlien  the  adjust- 
ment will  be  coinpleto. 

This  method  '\»  not  applicable  when  only  an  arc  of  a  circle  is 
attached.  The  adjustrnvnt  mny  then  be  made  us  follom: 
Observe  sncccseively  ft-om  ewh  of  the  two  pointa  to  the  other, 
aud  (18  iH^roi't-  UKC  Ii&ir  the  error  lu  adjusting  the  vernier. 
Verify  by  repetition. 

A  slight  error  may  be  most  readily  removed  by  patting  Uie 
zeros  ill  line  aud  Lbeu  moving  the  wire  itself  over  balT  tU 
intervul. 


126.  The  Level  is  Adjusted  by  bringing  the  bubble  carefully 
into  the  centre  by  the  mi{«  »t  cneli  cn<l ;  nml  when  there  is  a 
vertical  circle  oa  the  instriimcut,  this  should  be  dotio  when  tbo 
zeroB  of  circle  nnd  vernier  are  in  line  and  in  adjustment ;  wlieo 
there  U  uo  vcrlicnl  circle,  proceed  aa  follows : 

127-  To  Adjust  the  Level  on  Teleicope.  Chooee  a  piece  of 
groiiiul  iienrly  It^vel.  &n(i  liavin^  set  the  instrument  Hrnily,  level 
the  platvs  carefully,  and  bring  the  bubble  of  the  telescope  into 
Uie  ciiiiLrc  witii  the  tuugent'screw.  Measuru  in  any  direction 
from  the  instrument,  from  100  to  300  feeti  and  drive  a  stake, 
and  on  the  stftka  hpI  a  stntf,  and  rote  tlie  height  cut  by  tlie 
horizunial  wire;  then  take  the  aaine  dlHtaiice  From  the  intttru- 
ment  In  an  oppo^it^  direction,  niid  drive  iuiother»lakc. 

On  that  stake  set  tlic  staff,  and  note  the  height  cut  by  the 
wii-c  when  the  K'lesoope  ifi  tiiniod  in  that  direction. 

The  dilTerenee  of  the  two  observations  is  evidently  the  dif- 
ference of  level  of  the  two  st&kes. 

Set  the  instrument  over  the  lowest  Btake>  or  thatnpoa  which 

*  CaUmI  ImdtM  Error.  Ii  ta%y  be  rectiiiud  u  hvn  ihown,  or  Moh  ob■e^ 
vslion  cotrvcled  \ty  Ihu  Mitaiinl. 
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the  fjnratcst  hcigfat  wns  iudicatedi  and  bring  the  levels  od  the 
pintcs  atul  teleeoope  into  adJuvUneDt  as  al  first. 

TUen,  with  ihe  staff,  in&attiire  ttie  pcrpendiculxrdUtaace  from 
tbe  U^  of  tfae  8tak«  to  tlie  centre  of  one  of  the  horieotilBl  cross- 
wire  scrow-hcada;  from  Ibnt  iIiBlnin'c  siibtnicl  tlii;  difffr«iicc  of 
level  bctwccD  tbc  two  nttkkes  nitd  mark  the  potut  on  tlie  staff 
tfans  found ;  plac«  the  atafT  on  tlie  ottier  Htnke,  and  nith  th« 
tani'ent'Screw  bring  the  horizontal  viie  to  the  mark  jiii>t  fmtnd, 
and  ihe  line  will  be  level. 

Tbc  ti;lv»<.-o|>i;  DOvr  hviu-^  Icvtl,  l>ri[i^  tlte  biiliMe  of  the  level 
into  the  «CQtre.  hy  turning  tlie  Uttla  ntite  at  the  end  of  the  tube, 
and  notlug  a};aiit  if  the-  nltvs  cut  Ibv  iKiiiit  ou  the  staff;  screw 
up  the  nuts  flrmly  and  the  ndjuHtmeut  will  be  completed. 

128.  To  Take  Apart  the  Sarreyor't  Transit.  ^Vlioii  It  ia 
iinrfawary  to  separate  tlie  platen  of  the  traniiil,  proceed  M 
follows : 

(1)  Rcmorc  the  vlaiiip^itcirew  uml  take  off  the  head  of  the 
pinion,  both  on  the  north  end  and  outride  tlie  compass  ctrcl«. 

(2)  Cnserew  the  hezel  ring  eoutainiug  tiif  ^lasa  cover  of  the 
n>m[KUii,  remove  Ihe  needle  and  bnllon  beneatli  it,  and  take 
ont  the  two  snuill  screws  &o  as  to  remove  tb«  disc. 

(3)  Take  the  iDStruiueLt  fVom  iU  spiiidlu,  and  with  a  large 
swrew-ilrirer  take  out  the  m;ri»w  frnm  titi?  imdorslde  of  the  cOQi- 
cbI  centre  (see  figure,  p,  fiT), 

(4)  Drive  nut  the  c«ntre  from  below  by  a  round  jjiece  of 
wood,  holding  the  instiiimcnt  vertical  so  that  the  centre  will 
ant  hrais«  tlic  circle. 

L     ('i)  Set  the  iuAtnitiient  again  upon  its  BpindU-.  take  uut  the 
Fdnm]>-flcrew  to  the  tangent  muvcmcnt  of  Ihu  liuib,  and  thv  work 

is  complete.    To  put  the  tranait  together  again,  proceed  exactlr 

the  rcTcnw  o(  the  operation  thus  described. 

129.  The  Solar  Attachment  ia  esAentinlly  the  !«olar  apparatui 
f>f  Hurt  placvd  ii])uii  tht-  (jioss-bar  of  tlie  ordinary  traniiit.  tin 
pular  axis  only  being  dii-ected  above  instead  of  bdow,  as  in  the 
•du'  compnas. 


80 


PLANK  StTRVEVINO. 


A  little  circular  disc  of  an  iucli  and  a  half  diameter,  and  hav- 
ing a  sbort,  round  pivot  projecting  »bove  it«  upper  surfac«t  is 
Bret  securely  screwed  to  the  telescope  nxie. 

Upnn  this  pivot  rests  the  enlarged  base  of  the  polar  Axis,  which 
is  also  firmly  conncL'ted  with  tbu  disc  by  four  cajiHian-bcad 
screws  ])A8»ing  front  the  uuder  eide  of  (be  disc  into  the  base 
already  named. 

TlicM-  j^crews  aerve  to  adjust  the  polar  axis,  as  wiU  be  ez* 
plained  herenftcr. 

130.  The  Hoar  Circlt  Hurrtiiinding  the  baee  of  thf>  polar  axis 
19  easily  movabk  nboiit  it,  and  v&n  be  fastcocd  at  any  point 
desired  by  two  flnt-boiu)  seri'WH  above.  It  ia  divided  to  fire 
minntea  of  time ;  i«  Eigured  from  1.  to  XII..  and  is  read  by  a 
small  index  fixed  to  the  declination  circle,  and  mo\'{iig  with  it. 

A  hollow  colli!,  or  aorket,  fitting  (Jottcly  \»  tho  polar  axia, 
and  made  to  move  snugly  upon  it,  or  clamped  at  any  ])oinl 
desired  by  a  milled-head  Hcrew  on  top,  furnishes  by  ita  two 
cx]>an<led  arms  below  a  firm  support  for  the  declination  are, 
which  is  securely  fiusteucd  to  it  by  two  large  screws,  as  shown. 


131.  The  ItecUiiatio&  Aro  h  of  about  A  inchea  radtns,  is 
divided  to  i[unitor  dfgrecB,  and  reads  by  lU  vernier  to  single 
minutes  of  arc,  the  dlviaiona  of  both  vernier  and  Itiub  being  In 
tlie  same  plane. 

The  declination  arm  has  the  usual  leases  aod  silver  plates  on 
the  two  oppoiiitc  Itloeka.  made  precisely  like  ttiose  of  the  ordi>| 
nary  aolur  compass,  but  ita  veruior  la  outride  tbe  block,  sou 
more  easily  read.  1 

The  declination  arm  has  also  a  clamp  and  tangent  movemcat)  i 
aa  shown  in  the  cut.    The  arc  of  the  declination  limb  is  tutnad 
00  its  axis,  and  one  of  the  other  sulur  leUH  u»ed,  as  the  sun  II 
north  or  south  uf  the  equator  ;  the  cut  shows  its  position  when 
it  Is  north. 

The  Latitude  is  act  off  by  means  uf  a  large  verUcal  limb  bar- 
ing n  rading  of  3|  inches ;  the  arc  is  divided  to  twenty  mtnute«i 
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in  IJ^urooi  from  the  cculrc,  each  waj,  up  to  80°,  aod  ia  rend  b; 
ita  vernier  U>  single  minutes. 

It  has  fliso  a  clamp-screw  itiB«rfed  near  its  centre,  by  which 
it  ctin  be  set  Test  to  the  tt-k>8co|je  axis  in  auy  dvatred  ^Kiiiition. 

Tlio  vernier  of  tlie  vertic-Al  limb  is  made  movable  by  the 
taogcnt-scrcw  attncbcd,  go  tliitt  its  zoro  and  that  of  tb«  limb 
are  readily  made  to  coineidt?  when,  in  ndjiiHtin^  tlic  limb  to  tlio 
lertJ  of  tlia  U'Woopi.'.  tlie  iirc*  is  clamped  to  the  axis. 

The  u&iial  tangent  iiiovoiiii'ut  to  ihu  tolt-scopu  axis  sltvcb.  of 
courec,  to  briDi;  the  vertical  limb  to  the  pro[>er  elevation,  as 
hcrpKft«r  dCHcribe<). 

A  level  OD  the  under  Bide  of  the  telescope,  with  jzroiiiid  vial 
nud  scale,  is  ludispeuaablc  En  the  ubw  of  the  sular  attuuhiueot. 

The  divided  arcs,  vcrniei-a.  and  hour  circle,  are  all  ou  Bilver 
pUtii,  and  ore  thus  cosily  road  and  prcsorvod  &om  tarnisbing. 


I 


Tnc  Adjcstuents. 


132.  The  Solar  Lenses  and  Lines  arc  adjusted  precisely  like 
tboftc  of  the  ordinary  solar,  the  dcrliiiation  arm  being  Arst  tic- 
tacbctl  by  removing  the  clamp  and  tangent  acrews.  and  the 
conical  centre  vritti  it&  two  small  screws,  by  which  the  arm  ut 
attached  to  the  arc. 

The  adjiialcr,  which  ia  a  short  bar  furoidliGd  with  every 
inatniment,  is  ttit'O  substituted  tor  the  declination  arm,  the 
conicjil  wiili-c  «iTi!wed  into  its  place  at  one  cud,  and  the 
damp-Bcrew  into  the  other,  being  inaci'ted  through  the  hole  left 
by  the  removal  of  the  taugcnt-seretr,  thus  securing  the  adjuster 
firmly  to  the  are. 

The  arm  is  tht-n  tunicd  to  the  aun,  a»  deseribcd  in  the  article 
OD  the  Solar  Couipusa,  aud  r(.-vcrsed  by  the  opposite  faces  of 
the  blocks  upon  the  adjuater,  until  the  ima^c  will  remain  in  the 
centre  of  the  equatorial  lines.  Tlilg  ndjustmeot  Is  very  rnrely 
needed,  aa  the  lensea  are  cemented  in  their  oelU,  and  the  platea 
securely  fafiteucd. 


tiag  ibe  vemkr  M  zero,  tod  ibra  isimif  or 

scope  bgr  llie  laB^cst-«civw ,  aatil  Uk  aia's  taMgs  ^pOBts  e*M*lj 

between  Ike  •qaatDCul  tines. 

HsTiuc  tbe  tdeacofic  *x»  damped  Br^j,  cawfaflr  teTolre 
tbe  ana  ootil  tbe  iaugt  tppnn  <m  tbe  otker  plale. 

If  preicisHr  betwi-«ti  ihe  Iidm.  tbe  adjMbBOit  is  eoaplele; 
if  not,  more  tbe  decUution  ann  hv  its  taagfot-acrew.  ontil  the 
faufce  will  aome  prramly  between  the  line*  on  &e  two  oppoeita 
pUtee ;  damp  tbe  arm  ud  remove  tbe  bdcx  oror  bj  looBenJiig 
two  lUt-bc-sif  »crewB  oo  tbe  back,  which  fasten  tbe  morsMe  aiC 
to  the  (Itdtiintion  limb  :  place  lh«  Kcro  of  tbe  Unb  sad  ■vmaa 
in  exact  ooiDcideDoe  and  tbe  adjastnieat  is  finisbed. 

134-  T«  Adjut  the  Polar  Axis.  First  level  tbe  instnunesi 
carefully  b;  tbe  long  level  of  the  teleseope,  using  in  tbe  open- 
Uon  the  tangent  moTement  of  th«  telescope  axis  in  oonneetkm 
with  Lhe  lereUing  screws  of  tbe  parallel  plates,  aatil  tbe  bubUe 
will  remain  iti  tbv  centre  cluriag  a  complete  rerolution  of  tbe  in- 
struincut  upon  tta  axis. 

na(«  tb«  <y]nfttr>risi  sights  on  tbe  top  of  the  blocks  as  closely 
BH  is  practioable  with  the  distinct  view  of  s  distanl  object :  and 
baviag  previoua);  net  tbe  declination  arm  at  z«ro.  sight  throogh 
tlie  intenral  )>etween  tbe  equuturial  sif^btJi  and  tbi*  blocks  at  some 
definite  point  or  object,  tbe  dcclinatiou  arm  being  placed  orer 
either  pair  of  the  capstan-bead  screws  on  tbe  under  side  of  tbe 
disc. 

Kcfpiu^  tltc  dirclinution  nrm  upon  the  object  with  one  band, 
with  the  other  tnm  tbe  iostruui^at  half  around  on  its  oxIb,  and 
•igbt  upon  tl)0  ujae  object  as  before.  If  tbe  sight  strikes 
either  above  or  below,  inovp  the  two  capstan-head  screws  iaim«s 
diaU-ly  undur  the  arm.  looscoing  one  and  tightening  the  other 
ss  may  be  needed,  until  half  the  error  Is  removed. 

8iglit  again  and  repeat  tlie  operation,  if  needed,  until  tttc 
sight  will  strike  the  same  object  in  both  positions  of  the  instru- 
ment, when  the  ulJuHlnient  of  ttic  axis  in  one  direction  will  be 
eomplele. 


I 


\ 
I 
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Now  turu  tbc  iostrumeot  at  rigUt  angles,  keeping  the  aigbt 
etiU  upon  tb«  wune  object  a»  before  ;  if  it  atiikes  the  same  |K>iDt 
«rben  sighted  through,  the  axis  will  b*  truly  vertical  in  the  sec- 
ond iKwitlon  of  the  inKtnimoiit, 

If  not.  bring  tlie  aigbl  u|ion  thu  saioc  poiui  by  ilic  other  pair 
cap«taD-hv!ul  screws  now  iiudcr  the  d«clinatiou  aro,  reverso 
aa  before,  and  coDtioue  the  opera,tioD  until  the  eamc  object  will 
k««p  Id  tbc  sight  in  »ll  positions,  when  tbc  polnr  axis  will  be 
made  preeisply  at  right  naglcii  to  the  Level  nncl  to  the  line  of 
ooUituntioo  uf  tlie  trausii. 
k  It  afaoiild  here  be  noted  that  as  thiei  is  by  far  the  most  delicate 
'Wnd  important  adjUBtmcot  of  the  solar  attacliineut,  it  ehould  b« 
mad*  with  tJie  grentest  care,  the-  bubble  kept  perfectly  in  tiw 
centre  and  frequently  inH)>eeted  in  the  course  of  the  opcrntioQ. 


^^t 


* 


135,  To  Adjust  the  Hoar  Arc.  Whenever  the  iaHtrument  Is 
«t  ID  the  mchiliAu,  .is  will  be  heiv.iftvr  described,  the  judex  of 
tiie  hour  are  ahould  rend  apparent  time. 

It  not,  lonsea  the  two  fist-head  screws  on  the  top  of  the  hour 
1e,  nud  with  Iht-  hand  turu  the  circle  urouud  uutil  It  does, 
'buitci)  tlie  Hcrewa  again,  aud  the  niljiistoient  will  be  eouiplctc. 

To  obtain  mean  time,  of  cour«c  the  correction  of  the  e<{ua- 
lion  for  the  ^reii  day,  as  (i;iven  in  the  Nauticnl  Almnnso,  tniist 
■Iways  be  applied. 


136.  To  Find  the  Latitude.  First  level  the  instrument  very 
earofnily.  using,  as  before,  the  level  of  the  telescope  until  the 
bubble  will  remain  in  Ihv  eentru  during  a  eomplplf  revolution 
i>fth«  inatriiiDGQt,  the  tangent  movciiinut  of  the  u>lu»cupe  being 
In  cottncction  witli  Ujc  levelling  acrewa  of  tlie  parallel  plates, 
ami  the  uxia  of  Uic  ti'lvscope  Urmly  clotiiped. 

Next  clamp  the  vertical  arc  so  that  iu  zero  and  that  of  ItA 
i«rnier  coincide  as  near  as  may  be,  and  tlicu  bring  them  into 
Hud  line  by  the  tangent-screw  of  the  veniier. 

Then,  having  tbt-  di't'linatioii  of  the  sun  for  12  o'clock  of  the 

Itoq  day  as  affected  by  the  meridional  refi-uction  carefully  set 
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off  tipon  the  declinntioD  Hrc,  note  also  tbo  oqufltloti  of  tim«  ikDij 
Qftoen  or  twenty  tniautes  before  noon,  Uio  t«lpi(cop«  being 
directed  to  the  nonli.  and  the  object-end  lowered  until,  by 
tiioriug  tlie  instrument  nyxtn  its  spiodle  and  tbt-  dccliaattoii  arc 
from  eide  to  »id«,  tbe  sun's  image  is  brought  ueorly  iuto  {kmi* 
tion  between  tbo  cquntorin.]  lines.  Now  bring  tho  deolinatioD 
nrc  (liivctly  in  line  with  the  tetescopn.  clitmp  the  axis  firmlj, 
and  with  ibe  tiugeiit-ntrew  hriny  the  image  precisely  betwMn 
the  lines  and  k'&e))  it  there  with  the  laiigent-sciew,  raising  it  as 
long  a«  it  runs  bolow  the  lower  equatorial  Itae,  or.  in  other 
words,  tm  Inng  ns  the  sun  ("ontintipfi  to  rise  in  tlit  hoavons. 

When  the  huh  reiiclies  the  meridian  the  imngo  will  remain 
st&tiouar}'  fur  hii  histaut,  and  tlicti  begin  to  rise  on  Hie  plate. 

Tbe  moment  the  image  ceases  to  run  below  ia  of  oonrae  ap- 
parent noon,  when  the  index  of  tbc  hour  arc  should  indicate 
XII,  and  the  latitude  be  determined  bv  the  reading  of  tbe  ver- 
tical arc. 

It  must  be  remembered,  however,  tbat  tbe  anglu  through 
which  the  polar  axis  has  moved  in  the  operation  just  described 
is  mea«nrcd  from  the  zenith  inetoad  of  the  horizon,  as  in  Um 
ordinary  solar,  sti  that  tho  angle  rend  on  tltc  vertical  limb  l«  tito 
complemi^tit  of  the  latitude. 

The  latitude  itself  \»  readily  found  by  subtracting  this  augle 
from  1)0°  ;  thus  at  Troy,  the  reading  of  the  limb  being  fouod  as 
abovi  directed  to  be  47"  16',  the  latitude  will  b« 

90«-47M6'  =  42'44'. 

It  will  be  noticed  thiLt;  with  this  appurnlus  the  latitude  of  ahjr 
place  can  he  mont  easily  ascertained  witJiout  any  index  errort 
a«  in  the  usual  solar  compass. 


137.  To  Use  the  Solar  Attachment.  From  the  foregoing  de- 
ncription  it  will  be  readily  iiii(li-i>ti>nd  that  good  results  cannot 
be  ubtaiacd  from  the  solar  uttactuni-nt  utilcsB  the  transit  is  of 
good  construction,  —  fiirnishc-d  with  the  appUaiices  of  a  level  on 
telesoope,  clamp  and  tangent  movement  to  axis,  and  verticd 
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arc  with  a^JiuUble  vernier,  and  ttie  BockeU  or  c«Dtn>g  In  such 
onodicwn  that  the  level  of  the  tcleacope  will  remain  In  tbe  cen- 
tre wtica  the  ioatrumcnt  u  rcvolvotl  u^kid  either  ftocktrt. 

138.  To  Bun  Line*  with  the  Solar  Attachment.  Having  Mt 
oB  the  com|)leat(-nt  of  the  latiimic  of  the  [iIhcc  oh  ihe  vortical 
ftre.  and  the  ileul  ination  for  ttio  given  daj'  and  honr  a-s  in  Ihe 
&»lar,  thb  iuatruiuciit  bciiig  klao  v&rcfuUy  levelled  W  the  t«lc- 
Bci>pe  bubMe.  set  the  horizuntal  limb  nt  zero,  nnd  clamp  the 
plal^g  togeliicr,  loosou  tlR>  lower  eltmip  su  that  tlif  IiaiKiit 
tDorcs  easily  np<m  ite  lowrr  socket,  »et  Ihe  instniment  approxi- 
m&tvlv  nurth  nnd  nutitb,  tho  ohject-L'nd  uf  the  tulcseitpe  puiut- 
iog  to  the  nortti,  turn  the  prop«r  solnr  lens  to  the-  sun,  ami, 
nttli  one  hjiiid  on  tlio  phiU'K  uiid  thu  uthur  oii  tlie  revolving  arm, 
move  them  from  xide  to  Mcle,  until  111?  sun's  image  is  brought 
bctwrea  the  equuturinl  lines  ou  the  ailrer  plute. 

Tilt!  lower  clAtnp  of  thu  iHetriiinLiit  shuiiid  now  he  fofiteued. 
and  aoy  forthor  l&t«rat  movemout  be  mftde  by  the  tangent- 
uraw  of  tlie  tripod.  Tho  iiocwiiKury  nUownrieu  heiu^  madu  for 
irfraotion.  the  tf>Wrape  will  lie  in  tho  tTU4>  moridian,  nitd  beirt^ 
DDclampL-d,  uuiv  he  urted  like  tlie  sights  of  tbe  ordiiiarv  solar 
compnMt  but  with  far  gi-ealer  ■ic<'uruoy  and  Mttitifiujliou  in 
wtAbliBhlng  tn^ridinn  lines.  Of  course  when  the  upper  or 
vernier  plat*  in  unetampod  frura  ihf  timh.  sn_v  unglc  read  by  thr 
vivnicrs  is  »o  angle  from  the  nu-ridian,  and  Iliiw  parnllels  of 
Utitiide  or  any  other  nnt;l«s  rnMti  the  true  meridiiui  may  be 
Mtablished  a»  with  the  solar  compasa. 
The  l>oariiiH  of  tlip  nofiile.  wlieii  the  leleseope  i*  tm  the  iiieri- 

dian.  will  also  give  the  variation  of  tlie  needle  at  the  point  of 

obserratkni. 
The  declinatioD  of  the  needle  being  net  off,  nnd  the  needle 

Upt  then  at  zero,  or  "  with  the  snn,"  lines  may  be  run  by  tho 

Dftedle  alone  when  the  sun  is  ohsciircd. 
Tbot^h  when  not  inronsiHtent  with  the  romarlcs  following  the 

tkUeonpage  9fi,  the  sim  shotUd  he  observed  for  directioti  at 

fnrj  station. 
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TDK  $AKCMl.-LI.ER  ATTACUICEMT. 


139.  As  seen   In  the  ctigruving  <tu  ihe  opposite  pftge. 
cuusiata  I'SHcntinll^  or  a  elmtdl  telescope  and  level,  the  telescope 
being  mounted  in  standardsi  in  wliicli  it  «an  be  cIcyaUhI  or 
depressed.     The  stondflrde  revolve  nround  nn  sxis,  railed  tlie 
[xtlar  nxJH,  whii-li  it*  fiuitcned  to  the  te]esoo|)e  axU  of  the  transit 
laBtnimeut.     The  leleueope.  callwl  llie  "Solar  Telescope,"  cwl 
tliiis  be  moved  tu  Altltnde  and  azimuth.    Two  pointers,  attached] 
to  the  eolar  telescope  to  approximately  set  the  iastrument,  an  ' 
so  adjusted  tliAt  nhcn  the  nhndow  of  the  one  Is  tlirown  upon 
the  other  the  sun  will  appear  iu  the  Geld  of  view. 

140.  Adjastmenti.  When  tlie  npparAttia  if;  Attached  to  the 
transit,  wliich  iii.'iLmment  must  Ih!  in  good  adjuHlment,  its  pular 
tucis  atioitld  be  at  rig}U  aiujhs  both  to  lh«  hoHxontal  axis  of  lAe 
main  tvlnfM}'!;  and  to  the  fine  of  colli  motion. 

Test,  l^vel  the  transit,  and  bring  the  bobble  of  each  tcl*- 
aoope  to  the  coutre  of  its  run.  Revolve  the  solar  tc!esco))C 
about  its  i»ot«r  axis,  and  if  its  hiibMe  remains  central,  thin  nd- 
jiistmcul  is  coinplctc.  If  not,  corrfct  half  the  niovuineul  bv 
the  adjusting  ac;rewa  at  the  base  of  the  polar  axis,  and  the  other 
by  revolving  the  solar  telescope  on  tta  horizontal  axis. 

141.  Second.  The  lim  of  ccltimation  of  the  aolar  telanpe 
and  the  axiit  of  its  attacked  lee-el  must  be  paruUet. 

Test.  Bring  the  toleecopes  into  the  same  vertical  plane,  and 
tJie  large  bniible  to  the  iniildlf  of  its  run.  Direct  then  the  trao- 
■it  telescope  to  a  mark  at  a  cunvcuicut  diHlnncc  away.  HUy  100 
feet ;  point  also  the  *'  solar  "  to  a  raartc  abuw  this  equal  to  th» 
diataiiue  between  tlii^ir  uxou.  If  uuw  the  bubble  of  the  solar 
te1eaco{><!  is  not  iu  the  midille  of  the  tiilxt,  make  it  bo  by  the 
adjusting  enrews,  and  the  inatrumviil  will  be  in  adjustiocut. 

IVheo  the  combined  inatrumctit  is  in  proper  aciittstmcnt  ths 
bobbles  of  the  telescopes  and  plates  will  bo  in  tlie  uiiddle 
their  tubes,  aud  the  lme«  of  colliiualion  parallel. 
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All  tlie  odJtiRtmcnts,  including  thOM  of  tbc  transit,  should  be 
Jwptenily  exftmined,  and  bept  hb  nearly  perfect  an  poftsiblo. 

142.  Th«  advantages  of  solar  attachments  orer  tlie  ordinary 
solar  cotnpoM  cou^isl  principally  in  ttic  tclvocopic  st^jlit,  and  the 
a»e  of  a  Tcrtical  limb  to  set  olT  dcclinution  and  co-latitude. 

LxTTTUDB. 
BtfthtSttn. — With  Sat-fjinvHera  Attachmenl, 

143.  LvTcl  tbc  transit  carefully,  point  the  teleacope  artuth, 
aud  elevat«  or  dcprras  thti  objucl-ttDd,  uvcordJug  as  tbc  dccli- 
DitloD  of  the  stiQ  is  fioiitb  or  north,  an  amount  cqnal  to  tlie 
dddination.'  Bring  tbo  nolnr  tvie*cope  into  Ilio  vtirtic-jil  plauo 
of  the  main  telescope,  level  it  carefully,  and  clamp  it.  With 
the  solar  telescope  observe  ihu  uun  a  few  minutes  before  hia 
cuIniuiatioD,  bnug  tlie  borizoiitnl  middle  tvirc  taii^cDt  tu  iliu 
npper  limb  by  moving  the  transit  telescope  in  ftltitiidc  and 
aiimatli,  and  kncp  It  so  \*y  th«  slow-motion  strruwii  until  the  eun 
ceaaea  to  rise.  Then  take  the  reading  of  the  vertical  arc.  cor- 
rect for  indtix  error,  if  any,  for  rofraction  due  to  altilude.f  as 
p«r  table  below  ;  dLmiiiiati  the  result  by  the  sun's  semi -diameter, 
iD<l  anbtraet  the  result  from  90*  for  the  latitude. 


*  For  itcclinntian,  con«u!l  a  nauclif-al  almnnac. 

t  Contcted  for  Ut<lvx  error,  tliv  tuv  rvadinit  wuultl  lie  Ihi;  «uni  gf  tlie 
o>UUtiidtt  and  refraction.  TIip  refraction  tH'inK  <luc  to  Ihi?  merjilisn  alti- 
icidtr  of  ih«  *iin,  which  aliitoilr  in  tli<!  I.'nilfd  Sui«i  U  equ&l  to  the  alge- 
tiraic  »om  of  the  iIvuliiiaiiuD  anil  4:o-i«tiludi\ 
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JITI7KS  60^,  AMLi  Baxoxxteh  SQ.9  I^icrbb. 


ALmvtiK. 

Ubphactioii, 

ALTrrcnc 

Rsnuvnos. 

10» 

5'  IS" 

20° 

2'S5" 

11 

4   47 

S£ 

»   03 

IS 

4  23 

.-« 

1   38 

18 

4  03 

86 

1   21 

14 

3  46 

40 

1   W 

16 

a  sa 

46 

0   67 

Ifl 

3    17 

60 

0   IS 

K 

S  04 

00 

0  ss 

18 

S  M 

70 

0  31 

I« 

3  44 

m 

0   10 

By  ioterpolatiOD,  tb«  refraction  due  to  any  altitude  witbia  tlie 
limiu  o(  tbe  table  may  be  found. 


harmma  bt  Cikci'hpoljir  Star. 

2,4f.  Tlw  mn  mt*MMU  ing  ibo  *nglo  of  vlmttion  of  th«  po]«  u  aaj 
Haiiiw  ioAcun  tfac  latiwdt  of  tb*t  auUaa.  If,  iliua.  the  pinrr  of  llic  polf 
mwn  Micslvd  bjr  a  haarwilj  IkxI^,  iu  aliitnile  locaRiTvd  mod  turtvcUMl 
for  ntoctkm  voald  gl^e  at  once  the  ladnde. 

Tbm  belBf-  DO  fiich  bod}-,  >  circnnipoUr  star  mty  be  D*ed.  Take  iU 
■lllliJi  at  dtlicr  calmination.  lubtrati  ntnkctian  due  lo  al(i(uil(<,  and  tho 
iraaladcf',  JBcruaiid  or  dininiibcd  by  tkc  |Milnr  i)iauiic«  acconlioK  aa  the 
lamwr  or  vppvr  colmination  waa  obMrvrd.  will  ^rc  the  laiituda. 

BeOtr,  vtea  fcaetkaU*,  ta  obwrrp  both  cvlniaationi,  correct  for  n- 
tnu^mm,  aad  take  the  aritluMl*cal  mnn  of  (Ik  molt.  Still  itrcatcr  accu- 
ncj  «mU  kc  aMalMd  kj  tifciiic  tha  ntraa  of  otMerrailoDa  at  upjier  awl 
lawwr  Irwwi  td  »trr*nl  llwwpwtof  tat»- 

If  A  and  .4'  napeeiiTrlf  dcooto  tbt  anetra  iBcaturiDg,  from  itur  nottb, 
ib«  alttudM  of  a  eimunpalar  ttar  ■!  its  upper  and  io^a  cutminallon*. 
aad  '  Mm4 1*  ifae  oociwpoodiof  rpfradion*,  ih«B. 


latitude  =  U'*  +  •J'-<>'+'01- 
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LTo  Furo  TUE  Mkkiuias  akd   Declisatios  of  nre  Nkf.dle, 
r3tK<;  TiiK  ArrxciiMRNT." 

146.  J^rtt,  Takfi  the  declination  of  the  aim  an  gii-eo  ia  the 
Nkutical  AtnunAc  for  the  givon  day,  and  oorrect  it  for  reftac- 
tiou  ami  hourly  cliange.  Incline  tbe  tranBit  HejKope  until  this 
ainonai  is  indicated  by  it«  venicul  arc.  If  tlic  ilpeltnatioii  of 
tbe  »an  is  nortli.  depress  tlie  object-end ;  if  »uiitli,  clevute  U. 
Witbout  disturbing  the  position  of  the  trunait  telescope,  briog 
tlie  solftr  teiiMKope  into  the  Batne  Tcrtical  plane,  nad  in&Jce  it 
borizoDtal  by  mi'sma  of  ita  levt^l.  Tbe  two  telBHcop(?s  will  thon 
form  ail  angle  whicb  oquals  the  nniount  of  the  dt-ciiuKtiuti,  And 
tlie  inclination  of  the  solar  teli-scope  to  ita  polar  axia  will  be 
equal  to  the  polur  diatiince  of  tlic  i»nn. 

Sfcond,  Without  dititurbitig  the  jvialive  poeitionB  of  the  two 
telescopes,  liirline  thcni  anil  «et  the  vcrnter  to  ttiv  co-laiitudi>  of 
the  place. 

Bj  mOTing  the  trunait  and  the  solur  uttacbment  around  their 
respective  vtrSieal  axe»,  tLv  ixua^i:  of  the  ustin  will  bv  broujibt 
into  tbe  field  of  tbe  aular  teWscopc^  and  alVr  accurately  biaccting 
it  the  tmiudl  teletcope  inuHt  bf  in  ihn  weriiiiati,  awl  the  c/mpasa- 
TMidFe  indi(ales  Uk  dminlinn  tit  that  jtlatv. 

The  vertical  axia  of  tlit  aalar  attaelimuut  will  then  jHiint  to 
the  pole,  the  apparatus  bein;  iu  fact  a  small  ^qnatorial.  !!«• 
rolve  the  uiaiii  tcleacopu  on  tt»  liorizoiitnl  axis,  and  aet  a  mark 
^at  a  oooveuioitt  distance,—  IftOO  fpet  if  practienble. 

Make  a  nverae  obst>rvation  mt  followa :  Turn  tite  transit  ISO" 

"m  aztinutli.  and  act  off  tht.-  ilvdinntlon,  duvnling  or  deprcaslnj; 

BOW  the  cjf-end,  according  as  the  di^cIinatioD  is  south  or  north  ; 

hriog  the  ohjeet-cnd  of  Uie  solar  telescope  to  point  in  the  direo- 

Hjjioii  of  tbe  eye-end  of  that  of  the  main  instrument,  and  level  it. 

^Het  the  vertical  arc  l«  the  co-latlttidc  of  the  pliiec.  and  complete 

^Hk  observation  as  befoi^e.     Beverse  the  targe  teleacopc  ou  ita 

*  lar  ofber  meltiods,  t««  Chapter  III.,  p.  218,  and  Clmptvr  VI.,  Solar 


torizoiitftl  tixtB, 
obHorviitiou ;  if  it 
for  the  meridian. 

If  greater  accuracy  is  required,  make  other  obserTationa  at 
different  h«ur»  of  the  da.v,  under  tliRtrciit  coaditiotw  of  Ihc 
aliiiosplici'C,  Aud  compare  results  with  tliofi«  givca  in  Clmptcrs 
111.  and  VI. 

146.  Time  Hud  azimutli  are  calculated  from 
uii  olwiTved  altitude  of  the  euu  bj  enlviiig  tlio 
H|iLevk'al  tiinugle  formed  by  the  8uii,  tbc  pole, 
and  thp  xciiitli  of  tho  [lUcfl.  The  Uiree  sides. 
SP,  FZ,  XS.  coraplementa  resjjeclively  of  the 
di'cl illation,  latitude,  and  ullitude  are  given, 
uii>^  ive  ticiice  deduce  SPZ^  the  liour  angle, 
from  apparent  nooD,  and  PZS  the  azimuth 
of  tlic  8iin.* 

The  '•  Solar  Attachment  "  Boh-e«  the  aame 
apheriual  triniigle  by  con»tnirtion,  for  the 
»ecoucI  process  brings  tlip  vertical  axis  of  the  solar  telescope  lo 
the  rtH]uii'eO  distaucu  Zl'  from  the  suuitb,  while  the  first  brings 
It  to  the  re<]Uir«<l  distance  SP  from  the  bub. 

if  the  two  tetesco[>e8.  both  being  in  poidtioD — one  Sn  the 
mi-ridian.  and  the  other  |X)iritiiig  to  the  eim  —  are  now  turned 
on  their  horizoiitai  axes,  the  vortical  remaining  undiKturltcd, 
until  each  19  level,  the  angli?  between  their  direetioiiB  —  found 
by  aifthting  on  a  distant  object  —  is  SPZ,  the  time  from  appar- 
eot  noon, 

TliU  gives  an  easy  observation  for  correction  of  tinie-pieoe. 


147.  An  error  either  in  the  declination  or  latitude  will  cause 
an  error  in  the  uziiiiuth. 

These  errors  in  azimuth  cnrreiiponding  to  one-minute  error  in 
declination  or  latitude,  for  various  hours  and  linlf-bours  of  the 


' 


*  AT^Uc  af  £<)iiBtion  ot  lime  Is  ginn  at  the  rnd  of  iliia  book  which 
wilt  be  yicful  In  lolvtng  ana l;r lies  11^  the  iplK^rlial  iriaii){le  PZ.'i  for  lime. 
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iay,  and  for  difTorent  Intitaiteni,  bavc  beeti  computed  and 
Inbulated.* 

Tlie  following  lablf  exhibits  these  errors  in  Utitiwle  40*. 

For  latitude  nO'  the  errors  arc  »ue-fillU  grt-attr,  and  for  l»li- 
ft>dc  3'"*'  the  oiTors  arc  nbont  one-ninth  less  thnn  thoBc  given. t 

Ky  interpolatinn.  those  corresponding  to  other  latitudes  aud 
fractional  parts  uf  thu  hour  may  be  obtained. 

Tahlk  or  EaaoKii  »  Axtm-TB  for  On  Mjxttb  EsBon  is  Latitdck 
OK  Dkcmkaiiok  ox  riri:  VxnxLUtL  or  40^ 


II.MA.M. 

11.1JI. 

IOjt.M. 

VtJt. 

a  MM. 

■J  AM. 

iAM. 

12.30  PM. 

IP.M. 

a  p^. 

Sp.w. 

4  P.M. 

5p.1I. 

SP.M. 

For  imr  min.  1 
vrror  In  dec.    » 

10.00' 

5.06* 

2.61' 

IJSG' 

1.B1' 

IM' 

l^' 

Pur  onr  mill. 

».W 

4  87' 

HM' 

1.80' 

0.W 

OM' 

0.0&' 

Tlie  table  Uulicalea  the  best  time  to  observe  the  sun  for  merid- 
ian, or  to  determiuK  the  true  bearing  of  a  line,  tu  be  soon  after 
sunriiw*  or  Just  before  suiiaet. 

However,  on  acoonnt  of  refraction  at  tbc»c  times  being  groat 
and  very  nncertain,  it  i»  he«t  in  gencrnl  n^it  to  make  tite  obser- 
valion  when  tlie  sun  is  nearer  the  horizon  than  about  1.^  degrees. 
Moreover,  l\w  mlar  a|)piirntiiiK  should  not  be  relied  on  for  very 
accurate  work  between  H)  a.m.  and  2  t.m. 

Ad  error  in  latitude  does  nut  cautio  au  error  in  azimuth  when 
the  8I1D  19  in  Che  pole  of  the  meridian. 

148.  Tlie  Stadia,  or  Micrometer.  Is  a  compound  cro««*irir« 
ring  or  diaphragm,  ehown  helow,  having  three  liorizontal  wiriw. 
of  which  the  middle  ooc  is  ccmciitcd  to  the  ring  m  usual,  wliilc 
titc  others,  hh  and  (v,  are  fastened  to  Bmull  slides,  held  apart  bv 

*  hf  Profeiumr  Jotinton.  C.K.,  WailiinKtaii  ITnivvnity,  H». ;  auil  hjr  K, 
T.  Stcw&rt,  C.R„  IniiructQr  In  Matlienmlici  and  B(i((inc«ring,  W^^tprti 
I'niviTillf  «f  PcniMj'traitia- 

i  U«Tc  ■ei'uratel}'.  11)  p»r  cmU 


-^ — - 1 

Lot  tlic  «lioii-c  (jKiirc  rcprt'scnt  a  section  of  a  common  tcle- 
Boope  with  but  two  Ioubl^h,  twiivooii  n'liich  the  dUpfaragm  with 
Uie  ftUidia  wlriis  U  plac-«J,  aiid  aiwuine  that  ■ 

/  =  the  focal  distance  of  the  objcct-glaae  ; 

p  =  the  (Htitanw  of  llie  stiwlift  vriroa  a  unci  ft  fWim  c«c1i  other ; 

f(  ss  tile  horicontnl  distaneo  of  the  ohject-glnss  to  tlie  Htadis: 
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a  =stddia  reatling  (BA)  ; 

Z>=  liurizoutul  cliflUncc  from  midillc  of  iii^trutneut  to  stadia. 

Tbc  telescope  is  levelled  one)  sighted  to  a  levelling  or  etAdia 
rod.  whicli  is  held  verticatly,  tipiico  nt  right  Angleit  with  the  liDo 
of  siglit.  Accurding  to  a  iiriiicipte  of  ojtiicH,  rava  pnrHllel  tu 
tlie  nzis  of  the  leus  meet,  after  being  refracted)  in  the  focus  of 
the  lci)H.  Suppose  the  two  stadia  wirpR  are  the  soiirccB  of  those 
rays,  wo  hftvo.  from  the  similsrity  of  the  two  triangles  a'b'F 
nnd  FABt  the  proportion 

The  quotiont  f-.p  iB,  or  at  least  can  be  uiadc.  constoot,  and 
may  be  destguated  by  t;  hi'Qce  we  inny  write 

To  get  the  dislanee  fmiii  tiie  t-entrc  ^of  the  iuHtrumcnt  ttiers 
must  be  added  to  yC  the  value 

c=OF-\-OX. 

ON  VA  mostly  equal  tu  balf  the  foc-al  length  of  the  object> 
glass;  hence, 

c=1.5/. 

Therefore  the  formula  for  the  distance  of  thi>  BtAdia  from  the 
venire  of  iiistruimuit,  n'beu  Ihiit  stadia  iB  at  right  angles  to  the 
level  line  of  »ight,  is 

/>=:fca  +  e.  (1) 

ISO.  When  the  line  of  sight  is  not  level,  it  is  impracticable, 
es]Ktcially  in  long  diiitnneeii,  to  hold  tlie  rod  ii)  a.  verlieul  plane, 
and  at  the  same  tiiue  perpcodi'cnlar  to  the  line  of  sight:  hence 
it  is  cuetoinAry  to  liwld  ttie  rod  vertical,  as  in  the  preceding  coAc, 
and  obtain  the  true  distance  by  applying  a  correction  depending 
npOD  the  angle  of  incliimlion  of  the  nigbl. 

Thin  correction  is  deduced  ns  fnllnwg  : 
Let     AGB^ini; 

n  B  the  angle  of  iiicLiiiatiun ; 


d8 


PLANE  SUKVEViSG. 


ifF=c-i-GF=c  +  kx  CD  =  I/; 

CD  niDBt  be  expressed  bv  AB ; 

MP  =  the  horizontal  distaoce  =  1/  ooBn  =  D; 

AB  =  a. 


Now  the  angle 

BAG  =  00 +  {n-m); 
.-.  AliO  = 'JO -{n  +  m). 

AF 


Hence, 


eiam 


or, 
and 


AF  = 


or. 


GF     sin  ['JO +  (H-m)]' 

GFsiam 
cos  {n  —  m) 

BF ain  m 

GF~Bm[90-(n  +  n()]' 

np  _    GF  sin  7ft 


and 


cos  (n  +  m) 

.-.  ^i^+BF=(?/'8inmr L  _^^ 

cos  (»  — m)     cos 
But  AF+BF=a, 

CD        CD  cos  Ml 


+ 


(n  +  m)  J 


0F= 


2tanm       2sinm. 


w 


SobttitQUng   Uiis  value  of  GF  in   tbe  ciju&tion  above,   we 
obtatQ 

j_C/>coBW6iinnow(«  +  m]  +  mii  (i,  -  m) , 
2  sin  m  cos  (»i  +  m )  CM  (»  -  m) 

COH  N  COS*  nt 

soil  jy— g  -t-Jbg^^"  "^'"'  ~  »'P'"  ftin'wa 

cosn  co8*m 
Wbeooe. 

D  =  CO(Mn  +A'acoa'n  —  Aaslii'n  tun'm. 


Tbe  thinl  member  of  Uiis  i-qiiutiuu  oiuy  he  safcljp'  neglected, 
■B  il  is  ver;  imall,  even  for  long  dmtancea  and  litrge  anj^lca  of 
elevation  (for  1S00'.  ns=45"  and  A-=l(ii).  it  is  Inil  0.91'); 
tlierefore  tbe  flnnl  formnln  for  dmt»ut'e»,  with  &  slaclla  kept 
Trrtical.  and  with  wires  equidistnnt  From  the  centre  wire,  is  the 
loUcwiog; 

i)«ccoin-t-a*ooB'n.  (2) 


Ttie  vatoo  of  ccosn  is  U8u»lly  neglcrcled,  as  it  anioiints  to  but 
1  or  I. A  feet ;  it  is  cxncl  cnt»[i^h  to  Add  filwnya  \.'ii'  to  the  dis- 
tanoe  aa  derived  from  the  furmula 


D^ak  cos'  n. 


(2a)- 


ISl.  The  focal  Icngtli/of  the  objcctrglnsB  mny  hv  found  by 
fiK-uAsiog  iHb  iasU'umeat  upon  some  di&taiit  object,  say  a 
bonvenl^  body,  and  m{>(i«iiriiig  then  the  distunce  between  tbe 
{ilauc  of  the  crowi-wires  nnd  thiit  of  tbn  objective.  O.V,  being 
cqua]  to  the  distjiuce  between  the  objectire  and  the  intcrHvctJuD 
of  a  plunib-llue  with  tbe  liuriicoutul  axis  of  tbe  tclcecopc,  may 
be  obbuned  by  direct  nieaauremeut. 

Tbe  distance  p,  between  ibo  etatlla  wires,  moy  be  delenaincd 
a>  follow* : 

Set  op. tbe  mstrtiment  oii  level  i;rotitid,  or  ueiirly  so,  and 
mearare*Yorwnrd  fixnn  llio  plumb-line  a  distance  equal  to  c,  and 

■The  above  expUMUcm  of  tlie  ■ladln  ii  ■nbaUntlsEly  tbnt  sItvd  by 
Mr.  (i.  3.  tjpcvbt.  publUlwd  by  Van  Nortninil,  1841,  Uiough  corrected  and 
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ttepoiat;  ■eMBOBrail  traa  Um  nark  aut  cotiT«Bi«at 

rf,  400  or  AM  feet.  •■  •  bne.    Tke  tricacope  being 

kvid«  ofaHm  caneMly  Ifae  iiaoe  a  immtfuA  hr  ibe  «tadh 

wire*  on  •  terrfKag-md  hell  TerticeBj*  at  tte  farther  cxtmnitr 

«f  tWhMt. 

Thctt  fraa  Ibe  proportioa  rf— /:«=/:/>  the  required  dift- 

!p  naj  be  obCained. 

CXAMPLCS. 

r=60D  feet,  and  a  =  3.2d   feet. 


I.  Given /=  8 
Find  f>  =  . 064 

>.  At  wbat  fnctiooal  part  of  tbe  foeal  laagtk  most  Ibe 
■tadia  wire*  be  «4>inraud  ao  that  one  foot  on  tbe  rod  will  oo^ 
reapond  lo  100  feet  base?  State  also  tbe  dbtaan-  lietwecn  the 
wires  to  t«rTaa  of  Ibe  focal  length,  wbn  otw  fout  oy  rod  o«^ 
rrapocMU  to  66  feet  base. 

3.  Hcaeure  with  a  stadia  one  or  more  aide*  of  a  Held,  a 
tbe  diaUoce  acroM  a  valtev,  or  frAm  one  rid^  to  another,  aad 
oompare  tbe  reaulu  witb  i^iuo  DMssoretBeiil  butweeo  tbe  utDc 
points. 

4.  Hramre  with  tbe  stadia  ap  or  down  a  hillside,  and  efaain 
betwecD  (be  eume  jKitata.     Cotnpare  resnlta- 


* 


ilso 


Gbauikktes. 

ISX  This  altnchment,  as  shown  on  next  page,  is  often  used 
wiib  transita  for  fixing  grades,  determining  distances,  etc. 

It  conBUts  mnlulj  of  a  screw  nttaelied  to  the  aemlcircular 
expanded  arm  of  tbe  ordinary  clani))  of  the  tcleacope  axis ;  Ibe 
acrew  ie  accurately  cnt  to  n  given  number  of  threads,  and  pasa- 
fngtlirfl<igh  a  nat  in  one  si<le  of  the  nrm,  prcmc*  ngsioet  a  little 
Btuil  A  fixed  to  the  tuaide  iiurfa(.t>  uf  ttie  right-hand  etondnrd. 

In  the  other  aide  of  the  semicirciilnr  arm  la  inserted  a  boltow 
cylinder  containing  a  pin  actimted  hy  a  strong  epiral  npring.  the 
end  of  the  pin  proftsing  Against  the  tide  of  the  stud  oppoftile 
thut  in  contact  with  tlie  screw. 
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Ke&r  the  otiier  enil  of  the  screw,  and  tiiruiDg  with  it,  lA  a. 
rbeel,  or  inici\>in«t«r,  tbc  rim  of  which  i»  plated  vitb  silver, 
id  divided  into  one  hundred  ctjiisil  part«. 
A  Dinall  stlTer  ecale,  attacticH]  to  the  arm  and  Jiisl  »boTe  th« 
iiiirroin«t«r  wheel,  is  dividi.-d  iuto  Hpnccs,  each  of  uhicli  is  just 
cqu&l  to  ooc  rovolutioD  of  tlie  screw  ;  so  tliat  by  coni)Kiriug  the 
«dge  of  the  wliecl  wiili  ih«  divisions  of  the  m*1c,  the  nmuber  of 
'  ooinplete  revolutioiift  or  the  ocren'  enn  lie  easily  counted. 


B 


It  will  be  seeu  that  whcu  the  clamp  is  made  fa^t  to  tlm  axis 
the  vlani|]-iMirpw,  aiiiX  tlie  j;radioiit«r-Ni-ri'w  turned,  it  will 
tlic  t«l«icope  venic&lljr,  preci»ely  like  Uie  tftDgonl-ecrew 
ordinarily  Uitod. 

And  oA  tlii;  value  of  a  thread  is  siicb  Ibal  a  cotiipiutu  re\'olu- 
(ioo  of  Ibe  screw  will  move  the  horizoutal  eryes-wirc  of  llie 
(dncopo  over  a  npnoc  of  onn  foot  on  a  rorl  at  n  dlfltnnoo  of 
MM  hundred  f«et,  it  in  clear  tliat  when  the  screw  in  turned 
throttgh  fifty  bpaoes  on  the  ^mdiintfid  head,  the  wire  will  ptuis 
over  fifty  otic-bundroiltlis,  or  one-half  a  foot  on  the  rod,  and  eo 
DD  iD  the  s&mc  proportion. 


102 


PLANE  SCTRVBVIFO. 


Ia  this  way  the  grtdicQt«r  cau  l>u  iwcU  in  the  mouuremeat 
ofclistanecH,  precisely  Wkv  tho  etadia  jUHt  des<iri)H.>d. 

Grades  con  also  be  estntjlishied,  with  gi-ont  f»uility.  as  fol> 
lows :  First,  level  the  instrument ;  bring  the  telpscoiw  level  to 
its  centre  by  tht-  c]am|)  ami  gratlirntcr  »crow ;  niovo  tlie  f;ra<lu< 
utcd  hvtu)  until  Ite  zcio  is  brought  to  tbu  vd)^  of  th«  scale  ;  and 
then  turn  off  as  miiny  njinceii  on  the  bead  aa  there  arc  buii- 
dreittbg  of  feet  to  the  Liiiidrod  in  the  grade  to  be  eatabliebed. 


w 


SECrrON  II. 

A.     BKAHING8   WITH   COMPASS, 

153.  To  Obtain  the  B«aring  of  a  lane.  At  one  end  of  the 
line,  ur  ut  uuv  other  {)oiuV  in  it.  uct  up  uud  luvcl  the  coDipui>9i 
loosen  the  needle,  and  direct  tlie  siglitB  toward  the  other  elid. 
Tbu  degree  on  which  the  needle  uomes  to  rest  will  indicate  the 
angle  liotwecn  the  magnetic  meridian  and  tli«  direcdon  of  tlie 
line,  or  Uie  l)eariiig. 

For  example,  if  the  line  lie«  between  tbc  north  and  east  points, 
as  O/*,  and  the  angle  NOP  being,  say  -12  dDgruea,  the  bearing 

of  the  line  01'  itt  written,  N.  42"  E.. 
arid  read,  "  nortli.  forty-two  de^reea 
cast."  If,  aa  0P\  it  lies  between 
douth  aud  east,  and  the  angle  iSOP' 
itt,  tiay  74  degrees,  it  is  written, 
S.  74"  E.,  and  read,  "aouth  acv- 
^p' enty-four  dpgrres  east";  in  like 
manner  for  lines  ia  other  i)uadrant«. 
It  will  be  observed  that  the  bear- 
ing of  a  hue  does  not  exceed  90°. 
A  line  which  might  be  read  "N. 
iiO°  W."  or  "S.  90'  W."  is  recorded  as  u-eat.  The  bearing  can 
be  read  moat  uceurakly  by  {ilucini;  tlic  eye  over  one  end  of  tbe 
needle  and  taking  the  reading  n-om  the  other  end. 
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gTAduaUoDS  are  luuallj'  madB  to  half-degrees,  tlie 
brariug  can  be  taken  qiiiic  a(M:urutfl,Y  to  qdnrtcr-ilcgrccs,  and 
bj  practice,  even  closer,  witliotit  tlic  use  of  tlie  viiruicr.  In 
fact,  tbc  prinftpftl  u«e  of  the  vernier  on  a  compasa  ia  to  fao)li> 
tate  the  ninnmg  of  liiKot  fiora  old  derdH,  wh(.>re,  when  the 
dvclinatioD  is  UHcetlained.  it  is  turnnd  off  on  the  Tcrnier.  aad 
the  80r?ejor  may  use  then  Uic  buRriugii  na  givcu  in  the  deed  b,T 
which  Itc  is  surveying  the  trofrt.  witlioiit  makiug  a  uulc'iitntion 
for  the  b«]Lrii)f{  of  «acb  line.  Tlio  %-ernicr  cannot  be  reli<;d  on 
to  n»d  bearings  to  minutes,  on  accoaat  of  tlio  difficulty  of 
accurately  tnanipulaUiig  it. 


X 


164.  Serene  Bearingt.  Rinoe  in  plane  sunreyiDg  the  mcri' 
diou^  paysiiig  ilirough  the  cxtrt^n iticx  of  »  line  arc  coD«idcred 
parallel,  tbi;  direct  and  revt'rii-c  bc^aringH  tthoidd  indicate  the  san)i6 
augle.  That  is  lo  say.  a  liny,  as  LV.  Uie  bearing  of  whifh.  taken 
at  A.  called  also yarf'»(V''<  '**  ^'-  ^^'''  E.,  whvn 
takfio  at  jtf,  btuk-iiifht,  ahoiiLd  hv  S.  40°  W. ; 
the  dcgroea  being  th«  same,  the  letters  indi- 
caiing  the  opposite  cardinal  jkointit. 

When  anrveyiug  a  tract  of  laml  with  tlie 
oompttss,  tlie  instruiucnl  should  be  aft  up  at 
erery  comer,  and  Uie  bearing  and  reverttc 
hoariug  of  every  line  taken,  aa  a  eheck  on  the 
observer's  reading  and  the  working  ol'  tlic 
needle,  aiueu  a  diaflgrt'i'mvtit  in  tlie  angle  thus 
meaanred  wonld  be  evldi-nce  auflieieut  to  war- 
lant  a  rarieiv  of  the  work. 


8 


155.  Xooal  Attraotlon.  If  the  readings  of  tlie  ai?cdlo  of  tho 
fore-eight  and  liacti-^i^^lil  have  been  correctly  inade,  and  there 
u  found  a  difti^reciniMit.  local  atCnu?tioTi  L-xisl«.  It  in  usually 
CHsed  by  tbc  prcacuec  at  ferru^iaoua  matter.  It  may  exist  at 
botll  itationa  or  at  only  oiio  of  tiK'ni. 

Aaanroing  Mutt  the  dir«<<>t  and  reverse  bearings  of  tlie  preced- 
ing IEdc  agree,  then  tin*  difference  in  the  reading  at  the  two  ends 
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of  the  line,  wben  the  attrsctioD  exists,  will  show  the  local  vari- 
ation at  tlie  lust  (it^tiuu^  auil  tliiu  ourr<?etio[i  itiur^l  hv  s\'[>\\eil  to 
tha  ri'udiug  of  tlw;  nwdie  for  llie  beftiiiig  of  the  next  line.  I(. 
Iiowerer,  tlie  needle  will  not  reverse  on  the  first  line  of  u  surve^t 
then  it  will  be  neceasitry  to  ad  up  at  numc  ulhiT  point  of  the 
tract;  ori  if  this  m  impructicuble,  ttekct  ooe  or  wore  statioQa 
near  the  euapectt-d  points,  and  by  taking  th«  bearings  of  these 
from  till'  ilttliooH,  and  also  Uie  reventt-  Iwarinps.  the  lotcnsi^ 
and  position  of  the  nttraction  runy  be  cleterinined . 

156.  Froof  Bearui^  and  Testi  of  Abcvtcaay.  In  nay 
iuifiurlHut  uu[U]»MH  HUi'voy  it  in  ut-ll  lu  i.>lji'i.-k  the  work  hy 
aiglitiiig  to  dittlAtit  prominent  objecta,  such  as  huildinga,  tre«s, 
etc.,  and  noting  the  r(>adingH.  Since  two  bearings  are  required 
to  lucalu  vnch  ubjcct,  — and  until  it  is  luuatuj  it  cannot  twne  at 
a  check, — it  will  be  nooeseary  to  trtke  iit  least  thrt^  beariugs  to 
each.  U'l  th«u,  whon  plotting,  lliv  three  lineti  Intwrufct  iu  a 
point,  a  proof  is  given  of  the  con-ectnesa  of  the  measuremanta 
thiiH  connectrd.  The  lengUiH  and  l)t>iiriiig>«  of  diagonala  of  tlie 
tiact  may  likewise  lie  taken  aa  checks  on  the  accuracy  of  the 
work ;  aI»o,  when  in  plotting,  if  the  laat  bearing  trnd  dtatanoc 
CJOW  th«  aiirx'^Vt  it  in  considered  a  pi^K>f  of  tlii>  work.  The 
beat  ttBt,  however,  of  the  aecnracy  of  the  survey  i«  by  Latitudes 
and  Departurca,  which  is  explained  in  Section  VI.  Articles  207 
and  203. 

It  may  be  well  to  caution  the  etudcnt  against  the  faUii«y  of 
B  teat  Kometiinus  given.  —  that  jf  the  iiuiii  of  the  Interior  angles, 
determined  from  the  hearings,  equals  twice  aa  many  right 
angles,  less  four,  aa  the  figure  has  sides,  it  proves  the  work. 
This  "-  teat,"  while  it  ftiniialiea  proof  for  a  transit  survey  in 
which  the  interior  unifies  have  been  measured,  will  not  show 
tiiat  the  bearings  of  &  traet  have  lit>en  t^'OiTcctly  taken.  The 
student  will  reatUly  perceive  the  truth  of  tliia  statement  if  he 
makes  or  iiunginea  a  plot  uf  u  fii;ld  with  u  ccrluin  aide  the 
meridian,  then  conceives  Uic  whole  plot  turned  around  so  that 
another  side  comes  to  thv  locridiaii,  it  will  bo  evident  that 
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though  Uie  beariugs  urc  clinti)!«!(l,  the  »iim  ot  tbn  interior  angles 
ta  unaffected.  Tbe  ttt-nuUed  t«&t  wotild  prove  llic  >t-ork  in  cltlii-r 
ciue. 

157.  Soggestioiia.  Test  rrcqucDtlj  to  bm  that  tlic  instni- 
leot  U  Id  proper  adjii^ttaont.  Keep  the  same  end  Kbcad. 
from  the  name  end  of  neeille.  S>iglit  iie  low  on  the  flog- 
as  posHiljle.  Make  the  line  of  8ight  a«  nenrlv  horizoDtAt 
practicable.  When  rcadiiig  near  the  cardinal  points,  bec&re* 
fal  that  the  bearing  is  uot  read  in  the  wrung  quadrant,  also  thai 
the  common  error  of  reading  S6*  for  44*  is  not  eommittftl.  See 
that  the  iustrunient  is  set  preciHelv  over 
the  station  from  which  tho  meiwiirenn-uts 
arc  to  be  made  :  tliat  the  flngstafT  k  cxactlr 
uD  the  proper  point,  nud   that  it  in  held  1 

plonb.      Lerel  the  instrument  careful!}' ;  ' 

especially  eeo  that  it  Is  level  ncrosg  tlit!  line  of  »ight.  Take 
tbe  bearing  and  measurp  the  distance  on  the  true  line  when 
practicable;  when  noL,  bi-c-nuac  uf  n  high  fence,  bushea,  etc., 
off  the  least  perpendicular  distance  therefrom  at  both  ends 
wliieh  will  afford  n  clear  view,  and  take  the  bearing  and  dis- 
of  the  BXtremities  of  Www  peqieudieuhira. 

EXERCISES. 

1 .  With  a  surveyor's  compaii«,  by  a  constant  and  direct  bcar- 
tinjE  only,  run  n  line,  sav  40  chains  In  length,  over  hilly  ground, 

of  it,  if  posHible,  through  brush;  then  return,  iisiug 
bearing  only. 

2.  With  the  anme  in»lraiuent  run  another  line  equally  diffl< 
colt,  osing  both  direct  and  rcvenie  bearings  forward  and  back. 

3.  Make  a  eurvey  of  a  lot  one  side  of  wUiob  Ik  near  to 
a  railroad  track.  11  local  attraction  is  found,  determine  its 
intensity . 

4.  Determine  tbe  magnetic  bearing  of  each  part  of  a  broken 
ESDe  of  aeveral  tnriiH  along  a  railroad  track,  or  where  local 

attrncUoD  is  knowD  to  exist 
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B.    ANOUBS  WITH  TBANBIT. 

158-  With  the  Transit  tlic  sm-vev  of  n  lin«  or  the  mcAsure- 
mentof  au  »ngle  can  be  made  with  greaU-r  nccuracy  tbmi  with 
bhc>  compnea,  Hincc  the  reading  of  Uic  plates  tu  miDUtcjS  sup- 
plauttt  the  rciutiti);  uf  the  ncvdlc  to  quarter  or  half-quarter 
degrees,  and  the  ])ointiQg  ^Hivrer  of  Uic  traD&tt  greatly  oxcceds 
timt  of  tli«  coiupiLss. 

159l  To  luctmurv  a  LorUoutal  nngle,  as  ^tOy.  Set  ap 
the  instrument  precisely  at  0  i  level  it  aad  direct  ibc  inlarsec- 
tiou  of  tlic  wires  to  either  point,  saj  S'. 
C.'Uiinp  the  iastriunent  firnily  to  the  spindle, 
note  the  reading  of  the  veniier,  tlieu  louseu 
the  vernier  plate  and  bring  the  telescope 
quite  near  the  other  line  ho  that  ita  ex- 
tveinity  M  in  in  tlic  field  of  view.  Clamp 
the  pluto,  and  with  lU  tangent  or  slow- 
motion  screw  bring  the  line  of  colUm&tion 
iJieciaely  on  M.  Again  take  the  reading. 
The  dilTercnec  of  the  two  readings  will  be  tbc  oiiglie  required. 
It  ie  more  convenient  to  make  the  ftrst  mght,  OX,  with  the  mto 
of  the  limb  and  [ilate  coincident,  einee  then  tliu  reading  of  the 
plules  after  observing  .V  given  at  ouc«  the  angle.  If  at  each 
observntioii  hut  one  vernier  ie  read,  it  in  test  to  read  eveiy 
time  from  Iht;  same  one:  it  in  better  at  each  observation, 
though,  to  rend  both  vcrnicra  and  take  the  mean  of  Oiese. 
thereby  eliminating  oecentricity.  If.  however,  great  aceurocy 
is  required,  the  ueiianremcnt  of  the  angles  alioidd  be  tjiken 
more  than  once,  by  the  method  of  repetition  or  by  seriea. 

160.  By  Bepetition.  Make  an  observation  u|>on  any  point, 
and  read  both  verniers;  clauip  the  lower  plate  to  the  spindle, 
direct  the  tekncope  to  another  poioti  and)  aa  a  check,  again 
read  the  verniera, 

^ow,  beeping  the  index  at  the  but  rending,  turn  both  plates 
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hack,  and  obBcrre  ngniD  on  thA  firet  [loiut ;  clatnp,  lu  before, 
the  lower  plate,  sucl  turn  tbv  upper  vnu  so  as  to  sight  on  the 
MCDU<1  point.  It  is  perceived  lliat  by  this  operation  iliu  angle 
bia  been  nieasureil  twice,  Init  on  (lifferent  partn  of  Uie  limb. 
Ad  angle  may  obviouely  be  repeated  any  number  of  times  :  llio 
mcsQ  of  the  Bcvcrnl  rendingtt  gives  more  tioarly  thiLU  a  single 
measurement  the  true  angle.  The  reading  »t  eneli  observatiou 
BcrvcB  as  a  chetk  on  the  work.  An  angle  may  be  repeated  by 
Btmply  noting  the  reading  at  Uic  iirat  and  lot^t  ob»crvatioa. 
taking  tlieir  differenco,  and  dividing  by  Uie  number  of  repeti- 
tions. It  lunst  l>e  noted,  however,  how  often,  if  al  all.  the 
BGd*  point  i»  passed.  Non,  if  tlic  telescope  in  plunged,  the 
plates  turned  180°  in  aziiuutb,  and  tvpcti Lions  of  the  angle 
■gain  b«  made,  beginning  at  the  second  point,  the  nieau  of  the 
two  sets  of  readings  will  give  still  more  nearly  thu  true  angle, 
Minco  the  errors  of  adjneitnient  and  twiHt  of  station  are  thus 
lessened  and  those  of  obHervation  reduced. 

161.  By  Series,  Observe  as  before  ujjon  any  point,  and  rend 
thf?  veruient,  elamp  tliu  Iowlt  plate,  turn  tlie  vernier  plaUt  iiiiiil 
the  telescope  may  be  fixed  npon  another  point,  and  again 
read ;  Urns  continue  to  make  ubservatiouB  a\ma  each  jHiint 
dcstred  in  their  order,  sweeping  round  the  bori/on,  and  ninku 
the  lost  observation  U]h>u  the  first  point.  The  last  rending 
shoald  be  the  same  as  the  first.  Plunge  tlie  teli?9cope.  move 
the  plates  in  azimuth,  and  observe  ou  tht^  points  again,  pro- 
ceeding in  the  contrary  direction.  Several  scries  of  obsorva- 
tiooB  may  tlius  be  made,  an  in  Uie  melliod  by  repetition.  The 
mngnittide  of  each  anyU"  is  obtained  from  the  mean  of  its 
readily. 

Rrmark.  Care  should  be  exercised  to  have  tbe  instmmciit 
properly  coatr«d,  that  is,  set  lu-eeisely  over  the  eentxe  of  the 
atatioD,  especially  if  the  object  sighted  is  near  tlie  observer. 
The  error  arising  from  an  eccentric  setting  is  inrersely  as  the 
distance  of  the  object  ."tghtcd  :  nn  oceentric  pi.'ttiug  of  one  inch 
pro<laeing  an  error  of  nearly  three  (3')  tniuutes  of  arc  in  sight- 


108 


PLAKE  SURVIVING. 


Ing  100  feet,  while  Die  error  arising  from  a  bight  Of  900  fe«C 
U  hM  iliuu  uuu'thiril  (J')  of  a  aiinule. 

Kent!  botli  verniers  lo  tliiuiuate  ecwDtricily.  See  that  the 
reading  ia  not  made  from  the  wrong  end  of  Uic  vtniicT.  imd  that 
ft  hnir>(lcgrcc  i»  uot  omitted,  calliug  the  reading,  aay,  ii6°  15', 
inatend  of  3t>°  43'.  If  ^ent  nccunK!}'  is  r«quirc<l  vbco  runaiDg 
ft  Btiaigtit  or  brolcBU  line,  les&eu  errors  of  adJoHtnicnt  by  re- 
versing tlte  instniineiit  iti  alUUklL*  uiul  aziiiiutli,  niakicg  tiro 
acts  of  ohHc^rrationa  at  eacti  atatiou,  and  take  the  iLteaD  of  tbeir 
readings.     Sec  Article  157. 

If  it  is  desiti'd  to  locate  the  liiieH  nurvevcd  with  rftferooceto 
tha  luQrtdiuii,  tliv  ViL-»riii<f  of  oue  of  them  atiould  be  taken  bj 
Ebe  needle  of  tlie  in»ti'ument ;  the  Itearings  of  the  otben  maj 
be  deduced  Uiercrroai.     See  Arttelo  H7. 

162.  Angle  of  Deflection.  The  amount  of  dlvergeaoe  trhleb 
a  line  makcti  iritb  titt:  [ircccding  ie  called  llie  deflection,  and  tin 
angle  wWfh  mrawiiron  It  ia  termed  the  deflection  angle. 


ov--. 


In  tho  figure  PO^Vi^  tlio  doflactloil  KO^t  it  id  oTideotlf| 
auppleiiicnt  of  I.OJ'.  To  measDTe  ft,  set  the  lruiii»it  nt  O,  i 
to  L,  damp  the  limb  to  tbe  H^iodle  and  Ate  platea  together, 
then  plunge  the  telescope  :  it  will  point  to  M,  Take  the  reading, 
unclamp  the  vernier-plate  aud  move  it  until  the  wiree  ioteravct 
P.  The  difference  between  the  rending  now  and  the  first  read- 
ing ie  the  deflection  angle.  If,  when  malting  tlie  Drat  ohHerra- 
tloii,  the  vernier  waa  nt  zero,  the  readiug,  after  aigbtiog  P, 
would  indicate  at  once  the  angle. 

163-   Traversing,  or  aurvejing  by  the  back  angle,  is  a  method 
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of  snrfeviDg  by  which  the  dinn^tioD  of  ciuHi  line  of  a  ftiirv«>- 1» 
fomimred  witli  the  (ii'Bt  as  a  in«ridi&n  or  reference  line.  It  is 
eOtfcteO  u  follows : 


Q."-\' 


I'  Let  it  be  required  to  traverse  the  brok«n  line  LMyOJ'Q. 
Boi  u|)  the  JDStrumeut  at  M,  eluiiip  tlic  vernior  nt  zero,  foi*  coa* 
venience,  snd,  wit.li  tlie  lower  niotion.  sight  X,  claiii|i  below, 
truriatt  tlie  tck-scoiic.  loosen  above  niiil  oliservi:  ^:  the  rciiiliiiK 
will  liliow  the  liogk-  .V'MX  wliioti  the  line  MS  forms  with  LM. 
Cliiui])  the  pliites,  inovt.'  to  .V,  ^liiuge  lh(!  Uilti)4i>0|)e>  uud,  vriih 
the  lower  iiioiioii,  siyht  ^^,  the  index  remaining  as  at  ^F;  theo 
clump  below,  looeen  almvc,  traDBit  the  telcsoopc.  and  direct  it  to 
0 :  the  imhx  nill  »\\ow  the  au^U-  which  llie  liue  N^O  makes  with 
.LM.  And  90  continue  itiitil  the  end  of  the  liue. 

To  i;uarc)  against  niintalcets  in  niaditig,  fttid  to  avoid  recording 

whether  the  delleeliori  is  right  or  left,  it  is  well  to  asainno  all 

^^  ani;tL-<t    mcusiired  in   the   same   direction.      In    the    tlguro    the 

^ferendiniits  lire  all  to  the  Hfzht.  or  clockwise,  as  indicated  by 

the  ciroular  arce,  and  the  reL>ord  is  aa  folluwa ; 


^4Tioir*. 

niN  J..W.              WITH  /.JV. 

I 

if 

.V 

0" 
18" 

300"  or  tt' 

Norib. 
S. 18°  E. 

N.  20»  W. 

N.  50"  E. 
N.  ni*'  K. 
N.  3fl">  K. 
N. »"  P„ 

s  iir  E. 

From  the  nature  of  the  operation  it  va&y  be  perceived  thatt 
algc))r»ie9ny,  the  azimuth  of  aiiy  line  is  equal  to  Ita  df  flciL-tiDU 
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plus  the  asimutb  of  the  prei'eiling  line.  Tliis  method  is  [lu-tio-] 
uiarly  adapted  to  survoviufi  rotwJ«,  «trecU,  wftVjr  cour»«a,  pic, 
»[!(]  fiv(>u  in  farm  siu'voyiiig  it  |io8iiefti(e»  ah  advantage  ovs-x  tbe 
survey  bj  interior  angl<>s,  on  account  or  the  readiness  it  affontej 
in  oVjtniuiog  the  biriinugi^  from  Llic  azimuths,  und  tlie  f^rcaMitJ 
mpidily  with  wtiich  the  work  inaj  lie  plotted,  wuee  the  RD^lei 
which  each  line  mnkc«  with  tlic  ftSMimcd  meridiaa,  or  refereuoe 
line,  i'i  taken  at  oave  frnm  the  liE!ld  noti>B. 

SupiKtHt!  LM  in  thi_-  n<jiir^'  to  W  llm  lutrridiuii  of  the  survej, 
Bud  the  nximiithfl  of  tlie  spvernJ  linps  as  recorded  ui  tlie  table. 
Now,  asaumiitg  tbv  direction  of  LM  to  bo  iiortli,  it  is  evidetik 
tli.it  .V*V  will  be  in  the  northeast  quadrant  IS'  from  the  Doittl 
point,  or  N.  18°  E  :  yO  will  he  20"  to  the  west  of  north,  or  N. 
iO"  W. ;  OP,  ntidcinc  ro  migle  with  the  mcridiua,  will  havt>  i 
bearing  north,  and  PQ  cast. 

So  tbnt.  in  peuerul, 

When  the  azimuth  is  less  titan  90",  it  equals  the  bearing,  and 
the  line  la  in  the  northeast  (jiifidi'sut. 

^*hen  the  azimuth  is  between  90°  and  \A(f,  tbe  bearing  it 
aoutheast,  and  in  the  mipplemeiit  of  tlie  azimuth. 

When  the  azimuth  is  between  180°  and  270",  the  bearing  ia 
aouthwetjierlvi  and  niav  be  fuimd  b;  subtracting  180"  from  tin 
azimuth. 

When  the  axiinnth  is  between  270°  and  3(i0^,  the  benrjug 
is  north wi-Klt-rly,  and  i«  thi'  difference  between  3S0^  and  tin 
azimuth. 

Vt'hoii  the  aziiimth  i«    Hfi",  ilie  boiiriug  is  due  eaat. 

When  the  azimuth  is  iHll",  the  bearing  in  due  8oath. 

When  the  uziiiiuth  is  ^70°.  the  bearing  b  dtic  went. 

When  the  aximutli  is  ;})></,  the  bearing  i»  due  north. 

If  it  IB  required  to  find  the  uiugnotie  or  true  bearing  of  any  OT 
all  the  lines,  take  the  ni.i;5n('ti<!  or  true  bearing  of  tbe  meridian  of 
tlw:  Burvey  and  apjily  it.  by  addition  nr  siibu-nrtion.  act^nltuf;  a* 
the  bearing  of  the  assumed  meridian,  or  utandnrd  line,  is  north 
east  or  southwest,  la  tbe  example  given,  mippottt!  titc  bearing 
of  the  asitumed  meridian  LM  to  be  X.  30°  E. :  then  Uie  bearing 


id  tin 
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Ill 


of  the  Mcoud  liae  ^V^V  niU  be  recotrled  18°  to  tbe  east  of  the 
rerereaoe  Uoe,  or  N.  68°  E. ;  tbe  line  XO,  hnving  n.  doHection  of 
211°  lo  the  left  of  the  referentrp  line  will  ho  i'c*yj|'dft(J  N.  30'  E. : 
amlOy*.  N.  50' E.    Tliiw  tlia  fourth  column  is  added  to  the  table. 

164.  To  TrsTeiBe  a  Road,  as  LMNO.  Proceed  an  indicated 
ill  (he  last  artklc.  aiid  in  udditinii  measure  the  lines  L}f,  Afl?, 
2fO,  and  perpendicular  offsets  theretOi  ut  proper  diaUuccs. 


If  the  road  deviates  Tuiich  from  a  straight  tine,  it  will  be 
neccesary,  in  order  tu  obUiu  mure  corrcctlr  the  area,  to  take 
two  oflsetfl  at  ->/,  one  peT|>pndiculftr  to  /.jW,  the  other  to  -tfJTj 
and  also  two  at  JV,  one  perpendiuulur  to  MN,  and  the  other 
IK'rpcndicLilnr  to  NO.* 

Likewise  to  Survey  a  Small  Stream.  Traverse  and  measure 
the  dtstdflcea  between  (i:>5iinKd  stations,  as  i,  ,V,  ^,  O,  P,  80 
chosen  as  to  make  no  more  of  them  than  is  eonstst^'nt  with  few 
arid  short  oflaeta  to  the  various  bends  of  the  stream.     If  the 


fitreatn  ts  Bmall,  not  exceeding  10  feet  in  width,  or  even  wider  if 
aludlow,  and  it  is  desired  lu  survev  it  between  X  and  Y,  a  good 
plan  Ih  tu  run  ii  tttraight  lint'  between  thesf  puiuUt  and  nietmiire 
oifttcts  therefrom  to  the  stream  ;  or,  if  ttiich  a  line  will  make  the 
offsets  rather  long,  run  JiQ,  and  measure  offsets  from  it  to  JIT 
and  Kand  lnt<*rmodiate  pninttt.    If.  howe^'er.  the  Rtrenm  Is  wide 


'  ArticIo  sa*. 
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&ad  the  crossing  difficult,  it  will  pi-olubly  be  liettcr  to  use  mora 
AtatioDB,  an  bIiowii  iu  itie  ligtire.  If  a  compass  is  used,  the 
beariDgs  iiiav  l)e  t&kcu  iustend  of  the  atigles. 

If  n  river  of  considerablB  width  is  to  be  surveyed,  tt  will  be 
necessftry,  m  (tddition  to  llic  tucftsurctncot  of  broken  liues  on 
escli  fiidfi  from  wlitc^li  uffsets  are  token,  to  niftke  a  fterici*  of  nn> 
fftilar  raeaBiiremeiits  courn'otiug  ttit!  Udhk  on  one  side  with  tbose 
on  Die  otbcr.  and  thence  by  trigouomelrtoiil  calculiitiooM  (]«l«r- 
mine  their  relative  poaitioDs,  and  ultim&tely  the  Hurface  of  Uie 
river. 


C.    PROBLEMS  ON   ANGLES  AND  BEABIN08. 

165-    Angles  betwe«ii  Linei.    To  determine  the  angle  be- 
tveen  two  lines,  nieetLng  at  a  point,  given  by  their  bearicgft. 


W- 


N 


a 


1.  If  Uie  liiieB  ruu  bctweea  tile  same  cardinal  |)oint8,  that  is, 
in  tlic  saiiiL-  quadrunt.  take  the  ilifCnreiice  of  their  bearings. 

Suppose  the  buiiring  of  OP  in  N.  Si!"  W.  and  tbat  of  OQ 
N.  W  W. ;  the  angle  between  them  is  obviously  2fOQ  —  SOP; 
or,  60°  -  32°  =  HH". 

2.  When  the  lines  run  in  different  (lutidrnnts  itHd  both  above 
or  both  below  the  UudiiuuUd  or  K.  mid  W.  line,  take  the  flum 
of  their  bearings.  If  OP  he.nre  N.  fin"  K.  and  OL  >*.  20'  W., 
Uie  angle  POL  =  POX^  NOL  =  GO"  +  20'  =  80°. 
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3.  If  the  Uoes  run  id  diagonally  opposite  quadraDts,  subtract 
the  difference  of  the  bearings  from  180°.  Aasnming  the  bear- 
ing of  OP  N.  28°  E.  and  of  OX  S.  58°  W.,  the  angle 

POL  =  180"  -  LOM=  180°  -  (58°  -  28')  =  150°. 


4.  When  the  lines  are  in  different  quadrants,  and  both  to  tlic 
right  or  both  to  the  left  of  the  vertical  or  N.  and  S.  line,  Ruh- 
tract  the  sum  of  the  bearings  from  180°.  If  OP  bears  N.  65° 
£.  and  OL  S.  42°  £.,  the  angle 

POL  =  180°  -  (NOP  +  SOL)  =  180°  -  (65°  +  42°)  =  73°. 

ADDITIONAL  EXAMPLES. 

1.  A  line  OP  bears  N.  40°  W.  and  OL  N.  40°  E. ;  required 
the  angle  POL. 

2.  Find  the  angle  POL,  when  OP  bears  S.  50°  E.  and  Oh 
N.  89°  E. 

3.  Required  the  aagie  at  0,  when  OP  bears  N.  80°  W.  and 
OL  S.  79°  E. 

4.  What  ia  the  angle  O,  if  OP  runs  S.  89}°  W.  and  OL 
N.  89  J°  E.  ? 

5.  A  Uoe  OP  runs  S.  70°  W.  and  OL  S.  45°  W.  Find  tliu 
angle  0. 


I 


a.  Givsii  the  bearing  of  a  tine  and  ttui  d^^cticn  of  the  next, 
to  find  its  bearing. 

Supp06€  JtfObeare  N.  32"  W.,  aod  the  deflectiou  of  OP  =  iQf 
to  the  left ;  tlio  bonriiig  nt  OP  is  evidt'niiy  20"  fHi'lIicr  U>wfi]>ds 
the  went  tlmn  MO  or  its  prolongation  OL,  It  is  therefore 
N.  52°  AV.  Agaiu.  nssiimiug  RO  beure  N.  60'  E.  and  tUc  tlo- 
flnction  of  OQ  Ut"  to  the  right,  it  is  evitleot  Uiat  OQ  is  in  the 
goiithcaet  qiiiidrant,  tO°  from  tho  cust  point;  or,  its  bearing 
is  S.  80"  K.  M 

b.  When  tilt  bearlfigs  of  the  lines  art  given,  to  deteitnine  the 
defiection. 

Suppose  iO  (p.  115)  henre  N.  20"  K.  anil  OJtf  N.  70=  E. ;  tfae 
deflection  of  oyttrom  LO,  or  ita  prolongatiou  Ol\  U  fvitkntly 
70*  —  20°  =  iiO"  to  tlie  right.  Ajiaiii.  tlr«  bearing  of  LO  re- 
maining tlie  same,  and  thnt  of  OQ  N.  30"  W.,  then  it  ia  r^adilj*- 
.Mcn  thnt  the  deflection  angle  is  20°  +■  SO"  =  50°  to  the  left 
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GoDCrml  rnlee  uiijjht  be  given  for  the  ca«C8  untlor  the  above 
bftAcU,  onrreapoDiUng  tu  those  in  the  preceding  Brlick,  but  Lhey 
nr«  ileeuietl  iiuueut^itHftry.  ua  a  little  rolleL-tiun  will  (.'iinltk'  Lbo 
•tadeol  to  determine  the  required  beniing,  or  angle,  io  nny 
given  case. 

167.  QiWM  the  anylfi  ttetiveen  ttco  line*,  anrl  the  beaiing  of 
«ne  line,  to  find  the  hearing  o/lJie  othfr. 

The  BoluUon  or  this  problem  in  urtiiuarily  require*)  in  transit 
Hjrveyijtg,  fur,  when  atuvcving  nitli  thiiL  iii^iruiuetiti  it  is  coin- 
UK>n  to  take  the  liearing  of  only  ono  line,  nnd  deduce  the 
coursee  of  the  others  from  that  beioing;  nnd  the  measured 
angles-  Suppose  AO  henrs  N.  24" 
W.  end  the  angle  LOP  =  Si",  to 
find  tbe  benring  of  OJ*.     It  is  evl- 

iii  tljBt  the  bearing  of  OP  or  the 
;le  yOJ\  which  gives  the  defp-eea 

the  bearit^. 

-lSff~{SOL  +  LOP) 
=  180«_  ('24'  +  82'')  =  74". 

Ibe  bvAring  of  OP  is  N.  74*  K. 

AMume  the  angle  POiVslOO", 
ind  the  bcarii^  of  OP  utt  found 
|iho«e ;  then,  since   there  are    100" 

74".  or  2€*,  more  in  the  angle  than  lies  between  OP  nnd  tlie 
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Dorth  [wiDt,  the  poeitioa  of  OM  ia  to  tti«  west  of  QOrtb  26°,  or 
its  Ixwring  La  N.  26°  W. 

&>n)i-  elmpl«  comliluntloD*,  u  ihdicatod  in  tti«  itlostradoDB 
given,  nill  (-Dnhle  the  Rtiident.  iitiencnmbereil  with  mltm,  to 
rendiljr  lolvo  say  of  the  problemB  comiog  aoder  thb  head. 


I 

t 


EXAMPLES. 

1.  A  line  bcftni  S.  89°  15'  VT.  Wliat  U  the  bcnring  of  a  line 
pcrjifiiilicular  to  it?  Also,  the  Wariug  uf  a  tiu«  muking  an  luigle 
of  X'Ati"  nilh  it?     [s  tbnrc  inurt;  ttuui  ouc  aii»WL-r  t»  the  lust? 

2.  If  OP  bear*  S.  36°  W.,  and  the  AUglo  0/*i=68»,  wb*t 
in  the  benring  of  Pi?  Avm.   N.  9T  W. 

K  SuooEfn<Mf.     Paw    a     meridian 

jO  tlirougb  the  angle,  sad  cooskler  the 
given  bearing  reversed. 

8.  The  angles  L,  M,  0.  /».  of  the 
trapeziiiiu  arc  reapectiveljr  G'i",  130% 
80%  and  88%  aod  the  benriog  of  LM 
N.  70"  K. :  find  the  other  bearings." 

168.    To  Change  the  Bearings  of  the  Sides  of  a  Sarrey.    It  is 

soiufliiiieH  <le6irftbli:  to  cUaiigt;  the  l)eiiriiigs  of  a  biirvev  bo  ibat 
a  psinipulsr  side  sbalJ  become  a  meridian.  The  whole  plat  is 
■  conwived  to  rpvolvR  ttimngh  an  nngtc  ttulBcicDt  to  maice  tbe 
desired  aide  Uie  merirlian  :  tlie  relative  position  of  the  sides 
romnim*  unaltered.  Th«  following  rule  ia  aubstuutially  that 
given  hy  Gammcre,  who  states  that  tlic  rnclhod  wuh  oommnni- 
CRted  to  him  by  Prof.  Robert  Pfttterson,  late  of  Philadelphia. 

Subtract  the  blearing  of  the  aide  that  is  to  be  node  a  meridian 
frorn  thf>i*.   bfariitJji  that  are  betwwu  the  aariie  yAnU  that  U  U,    J 

*  The  ralcuUtion  mny  hi>  tesl«ct,  after  haTtng*  deduced  the  bearinf*  of 
all  Ihi^  lidet.  hj  talking  the  lail  Ixroriutt  fountl,  n*  PL,  appl^g  the  atrgl* 
/.,  and  nbacrrtn^  If  U  ^ves  the  proper  bearing  af  LM. 
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and  also  from  tko$e  tkat  are  between  points  directly  opposite  U> 
them.  JfUi»  greater  than  any  ofHiose  bearings^  take  the  differ- 
ence, and  change  loeat  to  eaat  or  east  to  toeat. 

Add  the  bearing  of  the  side  which  ia  to  be  made  a  mertdfan  to 
those  bearings  which  are  neither  bettoeen  the  same  points  that  it  ia 
nor  between  the  points  directly  opposite  to  them.  If  either  of  the 
sums  exceed  90°,  take  the  suppiement,  and  change  south  to  north 
or  north  to  south. 

ft 

The  accompaDjiDg  diagram  of  full  aod  dotted  lines  exhlbitB 
the  positioDB  of  the  sides  of  the  following  described  farm,  be- 
fore  and  after  turning  through  16^°  to  the  right : 

(1)  N.  16J°W.,  24.63  chains;     (3)    S.  J°  W.,  84.28  chains; 

(2)  S.  79°  W.,  27.00  chains ;        (4)    N.  65°  E.,  37.20  chains, 

to  the  place  of  beginning.  The  bearings  are  changed  so  as  to 
make  the  first  side  a  meridian. 


-.2 


EXAMPLES. 

1.   Given  the  bearings  of  a  tract  of  land : 
(1)    S.  10°  E. ;         (2)    S.  30°  W. ;         (3)    N.  60°  W. ; 
(4)    N.  20°  "W. ;         (5)    N.  80°  E., 
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to  the  place  of  beglnoiug.     Required  the  changed  beBriogs  that 
tbc  fourth  side  may  be  u  meridiuu. 


(1)    S.  10"  E. 


Cbsnged  booring,  S.  10°  W. 

(2)    8.  30»W. 

30 


(4)    NorUi. 


(5>    N.  80-E. 
20 


Changed  bearing,  S.  SO*  W. 
<3)    N.  60'  W. 

Chaugeil  bearing,  N.  40°  W. 


Changed  bearing,    S.  60*  E. 


The  student  who  arails  himselT  of  the  hintd  and  metliods 
rvferriug  to  the  manipiilatioQ  of  uugU-s  aud  buariogs  ««  givca 
in  the  prGcediiig  articles,  tvill  bavo  no  ditliculty  in  dotenniittn^ 
the  chauged  l)ciiiriug»  diroct  from  tho  diita,  wttliout  t^i>  use  of 
rules.  Thus  iu  th«  vx&niplo  al>ovc  it  will  be  ob8er>'«d  tlii9.t  eavb 
line  is  tiirni'il  throiigti  2(1°  tn  tho  right;  that  ifl.  the  fourth 
course  is  made  due  uortli.  Thi;  ucxt  side  to  it  going  round  to 
the  right,  N.  80"  E,,  will  lie  turned  the  aame  number  of  dc- 
gvw*  {!20),  which  [ilacL'S  it  IW  from  thewutt  point  lu  the  soutli- 
enst  quarter,  or  its  bennng  la  S.  SO'  E. ;  th»>  fii-st  side  turiiitig 
through  the  same  angle  (20°)  will  bo  thrown  10°  west  of  the 
south  point,  or  S.  10'  W. ;  the  aecoud  course  will  be  20°  farther 
to  the  Bouthweat,  or  S.  50°  W. :  and  the  third  course  tunied 
toward  ibe  north  point  20*  will  be  N.  40°  W. 

2.  Find  the  bearings  of  nil  the  sides  of  the  folluwii^  dc* 
scribed  tract  of  land  when  the  second  side  is  loade  a  uicridian  : 

(1)  N.  GSJ'E-.S.  12  chains;       (3)    S.  78}°  W.,  4.90  chain*; 

(2)  K.  27°  W.,  10.2J  chains;      (4)    S.  J' E., -I.-IO  cIuudb; 

(fi)   8.  12°  E.,  7.04  chains, 
to  the  place  of  beginning. 
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3.  Given  Che  bearLogs  of  a,  tract  of  Iscd  as  follows: 

(I)   S.  89J'  W^- :       t3)    N.  U'  W. ;        (5)    N.  2°  E. ; 

^(S)  East:  (4)    N.  79i' E. ;        (6)    S.  73f  W.. 

find  tbe  bearings  of  nil  the  sides  when  tlie  Brat  becomes  a 
Endino. 
4.  Given  the  bearings  of  a  tract  of  land  as  follows  i 
(1)    S.  79'W.;        (S)    N.fi9J*E. ;        (5)    S.  «0}  E. ; 
^     (S)    S.  i*W.;  (4)    N.  IJ'E. ;  (C)    S.  58r  K. » 

"  (7)    N.89"E. :         (fi)    N.  lej'W.. 

Id  find  the  bearioga  wlieu  the  eighth  side  becomes  a  meridian. 


EXERCISES. 


tl.  With  a  transit,  using  back  and  fore  sights,  run  a  taogent 
■ward  and  hack  over  hiUy  and  hni&h  land  reijiiirlng  six  or 
e^bc  settings  of  the  instrument.  The  Inst  two  points  uit  for* 
ward  will  give  the  dirertion  back.  Note  the  distance,  if  any. 
between  the  eorrcspondiug  iiosiUoDS  occupied  bv  Itie  iuatni- 
acat. 

2.  Traverse,  or  survey  by  the  back  angle,  a  hrolten  line  of 
Til  stations,  tuting  the  fir»t  liiif  as  the  ini'ridiiin,  or  rcfcrrnc-c 
line,  of  tlie  eun-cy.  Record  the  notes,  indicating  the  azimtitlial 
angles  aD<l  bearings. 

8.  Measure  the  three  angles  of  a  triangnlar  piece  nf  land, 
the  corners  being  visible  from  each  uthcr;  see  how  much,  if 
any,  their  sum  diStn  from  two  right  angles. 

^■4.  Traverse  a  pentagonal  field,  the  index  at  the  beginning 
^n*ine  eet  at  zero,  and  see  if,  when  finally  sighting  on  tlie  statioa 
6nt  occupied,  the  reading  is  zero. 
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I 


169.  Tlie  Obstacles  whicb  occur  io  field  woric  Arc  mons  easily 
aiul  axpcUitiijiiily  uvtrcoiiiG  wilh  ili«  cutuiiass,  ur  li-aiiait.  luiti 
cliBtn.  thiin  with  tlio  chniii  nl(tTi(>.  MvUioiU  fur  llio  iHtler  were 
given  and  illiiatrateci  tn  ClmiHer  I.  Hertion  II.,  Clmio  Surrey- 
iog. 

To  ertct  a  perpeniicnUxr  to  a  Une  at  any  givm  point.  S«t  up 
tba  inatrnment  ovvt  tbc  (loiat:  if  &  compass  is  ummI.  take  tti« 
bearing  of  the  )iii«.  and  then  moT»  tlio  Instruineiit  in  azimuth 
until  a  bearing  difftriiig  'Jfi"  from  tlic  firat  ia  ubserved.  The 
liii'C  of  sigbta  will  tlivit  iiidicaU-  Uie  direction  of  tliv  required 
perpenilicular.  If  a  trnDuit  is  etnpluyud,  centre  on  the  poiDt. 
sight  to  II  [Mjint  iu  the  liii<?,  clituiii  to  spindle,  aud  turn  the  ver- 
nier pUite  Od"  either  way  ;  then  the  hue  of  collinifttioii  will  kIiow 
the  direction  of  the  perpcndirular  aou^cht.  Of  courae  hv  tlio 
niulhoda  explained  iitiovi-,  a  line  cnn  bv  nm  with  oilhrr  inatru- 
ment  from  any  given  iK>int  and  maktag  un^  giveu  aogle  tbcreat 
witli  a  Kue. 


1 


170.    To  Iff /alt  It  perjtemlicular  from  a  given  point  to  a  U»e. 

Lot  P  be  the  point,  and  LX  the  Imo.  If  the  cotiQ|>as6  ia  used, 
take  the  bearing  of  LX.  remove  Die 
iniitrunieiit  tn  /'.  and  witli  a  bcariug 
differing  90"  from  the  ftrat.  nm  PO 
for  the  leqiiir^eil  iK-)-|>«"dteulur.  With 
a  transit  centre  on  L,  measure  the 
angle  OLP.  remove  to  /*,  and  moke 

the  angle  LPO  equal  to  the  oomplement  of  L;  the  line  of  night 

of  the  insti-ument  will  then  be  tn  the  directiou  of  the  required 

peqienilicuUtT. 


PEEPENDtO  DINARS  AND  PARALLELS. 
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!3A 


^ 


f 


\ 

i. 


171.  Tv  IH  full  a  perpendicular  to  a  line  ftroia  an  inaecciuible 
pi»i»t.  Measure  tbe  iliatHuou  bvtweeo  auv  two  )>oiate,  as  L  and 
iV,  in  tlie  lin« ;  aUo  the  angles 
PLy  aiid  LXf.  Then  in  tlio 
tiiu^te  PLNwe  h&ve  given  tlie 
«idc  LX  and  tbc  anfcleu  to  find 
FL  t>r  P2f.  Coinpnfuig  V*Z-. 
IIm  dtstaooe 

Or  ire  ma;  cMuce  an  (■xprvtwEon  for  LO  in  tenns  of  the  meaB* 
Dred  line  and  tlie  ohtvi'rved  angles,  tliuB: 

AO=i>0  cot  i>Z,0. 

A'0=i'0  cot  P^VO. 

XO :  XO  =  cot /'/.O :  col  P2fO, 

L0:LO+  yO  =  cot  PLO :  cot  PLO  +  cot  /'i^TO ; 

/..VrotP/,0 


tleaee 
■od 

bat 

therefore 


L0  = 


^  Ibei 

k' 


-It 


cotPI.O-^-votPNO 
Qt'CRT.     Could  a  lino  1>p  run  not  p^rpendicnkr  ns  nbovc 
throagh  au  ii)(iocc«»ible  point.  mukiDg  amj  angle  vritii  the  gtveo 
Ibe? 

172.  7b  run  a  /iiu;  through  a  r^i'tien  jnoinf  parriilel  tn  a  tjii'n'n 
Witb  tb«  votupiuts  otitflin  the  Ijearing  of  the  Hue,  aud 

from  the  ijivi^n  |K>iiit  run  s 
tioe  with  the  same  Iwavin):.  With 
tbc  tTAuttt,  LN  being  th«  line  aikI 
/'the  point,  centre  on  /.,  meaauii^ 
the  angie  XLP.  remove  lo  /'.  mid 
nabe  Ibe  angle  fJ'ft  erjnnl  to  XLP;  the  line  of  cxtUimatioQ 
will  thcD  be  in  the  ri^'quiitd  parallel. 

B.    PROBLBUS  ON  AXJONUBNT. 

173.  7b  prolong  a  tine,  as  LX,  beyond  a  tree,  a  budding^  or 
my  4)&tfacfe. 


R 
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PLANE  SURVEY  IMQ. 


F'lrtt  Method.  ISij  Dejteaioa  Asiglwt.  Set  np  the  itutrument 
at  auy  puiiit  i>f  tliv  LUic,  as  N^  imd  tlvHvct.  auflicieut  tu  piiti&  Llie 
ol^tncle.  to  any  polut  P.  Measure  SP,  remove  to  P,  deflect 
to  0,  inukiug  tbe  aagle  QPO  double  the  angle  At  X. 


J> 


« 

Meaeui'e  PO=Py.  place  tlie  instnitoent  at  O.  observe  P, 
plunge  Uie  telesco|)e  and  deilect  to  fl,  so  ilmt  SOR~  \OPQi 
Uio  telescope  will  then  be  iu  tli«  prolongation  of  LN, 

174.   Seeovtl  Method.     B'j  Equilateral  Triangle.     Deflect  60* 
from  tbe  direction  of  tbe  line  at  X;  measure  to  Pa  dintance 


Jf> 


fO 


R 


siiffleioiit  Uiat  PO,  iimkiiig  uii  :u)^lo  of  60°  witb  PN,  will  clear 
the  obstacle.  Measure  P0=  PX.  and  turn  the  tcleecoiie  in  the 
direction  of  OH,  the  piolongatloo  of  LX,  by  deflecting  CO"  from 
the  direction  of  PO- 

175.    Thirit  MHfml.     B>j  Imsceles  Trimifil^.    Deflect  at  X 
4o'  to  Jtf,  nieaaure  NMt  niake  XMO  a  right  angle,  and  MO 


i 


II 


=  MX:  at  O  tuiii  into  OR  by  dellecting  from  the 


B 


dirMitioc  of  I 


P0OBLEM8  ON   ALIGNMENT. 


176.  Fotirth  Slethcd.    By  J^erpendkuiara.    Erect  a  pei-peti- 
dleulAT  JVjr  of  mitQcluat  ieiigth  tbul  u  Hue  paatsiog  tlirougl) 


.V 


o 


-jR 


K  parallel  lo  iJT  will  clear  the  obstacle :  riiii  K^f^,  lny  off 
HO  =  XK,  and  a  right  angle  turned  from  .1/0  will  indicate  the 
clircctiun  of  LX,  or  it^  {iruloi^atiDn  OH. 

177.   Handom  line.    When  hnieh,  wood,  or  any  obdmetton 
prevents  A'  being  seen  fvoia  /,,  mn  n  line  LP»B  nearly  u  may 


be  Jadged  in  the  direction  of  Lff:  wlien  opposite  X,  m  at  P, 
meunre  the  shortest  distance  from  P  to  N,  caU  it  d ;  then  the 
57.3  X  d 


LP 


angle  PLX  In  degrees  =  - 

Setting  up  agflin  at  L,  &nd  Applying  the  correction  thus 
foaud  in  a  proper  inaniier  to  the  angle  or  bearing  before  uaedt 
the  line  LJVmav  be  trnccd. 


Dtmtmttration.    When  the  distance  PX  does  iiol  exceed  5 
[percent  of  the  length  of  PL,  PN  and  PL  may  be  r^egarded  an 
^tkdW  of  a  circle,  and  PX  ooiucideut  with  tlie  arc  vrhivli  subtends 
lh<-  angle  PLX;  tlieo 


1.  A  nmdoD)  lioe  was  run  N.  41°  lo'  K.  18.31  cliaitiH.  wben 
Uie  ueareut  distance  to  thtt  desireil  curuer,  wliicli  was  b)  Itie  left, 
WBs  roiiti<)  to  be  16  links.  Rvf|uinHl  Uiu  correction  und  llie  Iwnr- 
ing  of  the  tnu>  line.    Ann.  Cor.  SO' ;  hearing  of  l\m.  N.  40*  45'  E. 

i.  A  rwdom  lini:  wiu*  run  S.  89°  -15'  W.  24.80  chiiins,  when 
lUc  corner  was  fonnd  i'i  links  to  the  right.  Find  tbe  correctiou 
ui<l  tbe  bearing  or  the  line. 

3.  Tbe  length  of  a  ranJum  liL«  is  ICd  chaiQB.  and  a  per* 
pcndiculnr  Troni  iia  exlromity  to  tb«  di-sircd  point  equaU 
liuku.     WliAt  correction  is  needed? 


4.   A  random  line  LP,  26.IS  chains  long,  nui  hv  tniDsil, 
makes  an  angle  of  'i'"  with  LM,  and  tlie  [tuiul  /'  is  18  links  to 
the  left  uF  jV:  /,JV bviu<;  llif  tiiiL-  line.     Dutt-rmiuu 
angle  to  turn  off  at  L  irith  wliich  to  trace  L2f, 


C.     PBOBLBAIS  ON    UBASQREUENl'. 

178.    a.  When  the  Endi  of  the  Line  ar«  Aoe«uible 
Tiaible  from  Each  Other. 


In  links  to    j 
tbv  |iru[>cr  I 

saible  and  1 


PttOI)I.E31S  OK   UEASURBMENT. 
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Th«  metltods  iodicAted  in  Probleim  od  Aiignin^Dt  nill  be 
tiHiiiil  UM>fiil  ID  Diunv  iiutaiKvH  for  Itie  ilvterminntlon  of  ilie 
ieogtfas  or  lines,  tbe  dirvct  lueaKun-nipnls  of  which  are  imprar- 
tjcablir.  Tliuti,  iu  Uic  figure  in  Article  176.  tlie  dUt*acv  NO 
viil  be  found  I>y  luca^iuriiig  KM, 

Iu  fi^^nro  aocompanyiog  Article  174  Ch«  ntcftiiuronK-nt  of  either 
XPor  PO  will  give  Uvc  side  .VO. 

Othencitie  (Article  176).  MiMisure  NM,  fiud  multiply  It  by 
V2,  or  fXiriw-t  ibi-  equnre  root  of  twice  tlie  square  of  -VJtf  for 
tbc  rcqiiirLi]  Icugtli  SO. 

By  riuidoDi  line,  as  in  Article  177,  when  the  shortest  ilistaoce 
/*.V  U  taken,  tbe  length  ol'  thv  true  line  will  vqual  Die  tneaiturcd 
or  ruiiduni  line. 

If  tlie  |)er|)endicu1ar  from  I'  is  used,  then  Uic  length  of  Ibo 
line  will  equa)  tht:  Bquajc  root  of  tbe  sum  of  the  squares  of 
LFvul  Py;  that  Is,  _^_^_^ 

To  ascertain  the  lioriiiontal  meaiiiireiiient  of  n  hilUide.  take 
the  sjigle  of  its  slop«,  nieUKuru  u|)  or  down  il  (preferably  down) , 
and  ilie  product  of  thitt  distauce  and  tlic  cosine  of  the  angle  will 
be  the  horizontal  di<itanc«  required.* 

179.  By  TrkonjHlaU'on.  •  Measure  LP  uid  the  angles  L  and 
J*;  tlic  fthie  pruiKii'tiuu  may  tbeii  be  em- 
ployed to  determine 

LP  X  sin  P 


Ml     II 

^roe 


X*V= 


Bill  (L  4-/*) 


BDd  lb«  «a^  P.  Then  having  two  »ides 
and  the  included  angle  of  tJiL>  trtangle, 
Ib4*  third  aide  LN  may  be  tfjomjjtiu-d. 


*  When  meaauriiig  the  aaKlv  of  «li-*at>on,  i)i«  lurT^yor  »ttuiilil  si^lil  to 
■  pttiatl  em  tlie  rail  n  ilialaniv'  nbo*(>  ^ounil  (^jval  to  titii  heiglit  ut  tlie  Une 
of  cnllinutlan  of  lib  iDnrunii-nt. 


taternl,  tbe  Iwttijr. 
aiae  proportion, 


f  th«  Line  U  InaoMCtible.  la 
ro  present  Uie  inaccessible  but 
visiMc  end  of  tfac  line  JjX,  tlie 
length  of  vtiirli  i»  deftired.  Meo^ 
lire  LPut  sucb  Icnf^i.  if  |>o6fliblei 
that  none  of  ttie  aiigle-s  will  be  less 
tbao  30" ;  the  nearer  I.yp  ia  oqiil- 
Observe  the  angles  L  aud  P.    Thea,  by  Uw 


LN= 


LP  X  sin  P 

Bm{L  +  P)' 


182:  When  the  Points  are  not  Visible  from.  Each  Otlwr. 
tbe  figure  let  y  repmHeiit  tlie  invii^ible  jiuiiil  in  tliu  liuv  Ly, 

tlie  Icugib  of  which  is  required. 
Measure  a  liuu  iti  an  v  convenient 
direction  through  L,  as  3fP,  not- 
ing the  distniice«  3f£  ami  /,/',  of 
sneli  a  Icnptb  tliat  tho  point  ,V 
tnair  be  seen  from  each  extrem* 
ity.  Observe  the  anKlvn  P  and 
M.  In  the  triangle  PMy,  fmd, 
bv  thi"  sine  iirojrortion,  tlie  k'Dglii 
of  py.  Then  in /'iV/j  arc  known 
two  skies  and  the  included  angle. 
with  whicli  may  bo  fuuml  X,y. 
It  will  be  obecrved  that  the  |)roblem  requii-es  the  measure- 
ment of  the  distance  between  tico  jwhtta,  L  and  iV,  bivisible 
from  each  other,  and  direction  unknuwu.  If  it  were  nitnply  to 
determine  the  dislauci.-  frum  I,  to  iiu  inviaibfc  point  in  the  pro- 
tongatuM  of  OL,  wc  shotikl  nioaaure  periieiuiiotiiarly  fWiin  OL 
to  a  point  P,  fi-om  which  the  iwiut  iV  could  be  seeo,  observe 
the  angle  I.l'X;  tlicn  Ly=  PL  x  tan  LP.V. 

QtuiY.  What  would  be  tim  best  invtliod  of  solving  the  prob- 
lem utider  the  la^t  supiioeiiioii,  if  it  were  iuiprocticable  to 
mpa«ure  a  perpend ieiiliir  fVom  OL? 


PBOIII-KMS   OX   MKA8UKEMEN~r. 
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183b  c.  When  the  Endi  of  the  Line  are  luacceuible. 
ht  ri-qaircd  to  dcltTtniiic  tbti  len^tfa 
et  the  UMicCeMible  liue  L.V.     Mens-  t.         _ 

lire  OP,  uid  obser^'c  tbe  RDgles  LOX, 
-VOP,  OPL,  WKl  LPHf;  tiitn  In  tbe 
triangle  LOP  compute  LO.  and  in 
yOP,  ON.  Tlicn;  ivill  Uilh  Ll-  t;iv«--n 
tiro  sidca  and  the  iocluded  aogk  of 
the  triangle  LOy  to  Oud  I^. 


Let  it 


w 


o 


1B4.  The  same  general  method  would  apply  If  the  base  Inter- 
wvl*.**!  till!  line  the  luiiglh  uf  vrbich  is  dcmrv<l.  Sup)iose  it  is 
required  to  detcrmitie  the  dii^tatice  be- 
IweeD  L  and  iV,  puiuLs  ou  opjKMlte 
rides  of  tvo  inletH,  M  and  T.  Pleas- 
ure OP  and  take  llic  unglt-a  nt  the  ex- 
tftttoitieft  on  both  sides  of  th«  boae. 
There  will  th«u  be  daln  uullicieut  to 
find  OL  and  OX,  and  finull.v  XJV^. 


/  :\ 


ot 


Qtruir.  "Wontd  it  be  practicable  in 
any  case  to  msVu  Oj'  jH^rixendicular  to 
Ly  ?  If  ao.  wuuld  it  bi;  nvc&mary  to 
nwasure  Uir  diataiice  OP  and  all  the 
aoglc«,  as  above?    'Why? 


K 


I 


EXAMPLES. 


1.  To  deterinioe  th«  dititau>i?e  )ietw(>en  two  poinbt  L  and  IT, 
on  opposite  bank«  of  a  Hlrv^aui,  I  muiwurpd  a  baM»  Z,P=  500 
feet*  and  obiserved  tho  angles  nhlch  jV  inaiU-  with  L  and  PtO 
beW  45'  and  64'  5D'.  rwpcclivclj.     Bcquirod  LN. 

2.  ir  LP  in  Example  i  were  taken  at  right  angles  to  XJf, 
the  angle  P  being  40°  30',  what  would  he  Ihc  k-tigUi  u(  LX? 

3.  To  asccrtiiin  tlic  diHtiinec-  LX  bL>tn<r«n  two  inaccessible 
poiibs  inriaible  from  each  other,  I  measured  a  line  ^1//*  tlirough 


128 


PLAHE  8UBVEY1NG. 


L,  from  the  cxtpemilieB  of  whidi  iVoould  be  wen.  .MX=  160 
feet :  /,/*=  200  feet ;  angle  at  M=  65'  30' ;  angle  i*=  69°  15'. 
What  is  the  length  of  L7f? 

■I.  To  determine  the  dlstaoce  between  two  poitits  Z  and  y, 
Hitu&tcd  o-a  the  sklv  of  a  river  opposite  to  vrbere  I  was,  n  bsise 
line  OP  iOO  feet  long  was  iiicasii red ,  flii<l  tUc  foUowing  angles 
observed:  LON  =  €S°  '.Hi' ;  XOP  =  ^^i"  i&' ;  A'W.  =  50*  SO* ; 
LPO=iO''  15'.     Required  LN. 


EXERCISES. 

1.  Prolong  a  line  beyond  a  Iiohhc,  tree,  or  other  obstniction^ 
using  luiy  ouc  of  tlic  uiL-th(Hl8  herein  givi>n.  k^'turu,  pass  llie 
ohntruction  by  aoiue  other  method.  8ee  how  iieni'  tlie  sCartiog- 
potnt  is  reached. 

'2.  Raa  a  ti-iul  line  of  ooneiderable  leogth  throa^b  s  wood. 
with  n  view  of  sighting  a  stske  previously  *vU  ^Islce  the 
proper  measiironientH  and  e!ilciil»tioi)  to  correct  the  angle  and 
rc-nm  the  line.  Note  tlie  distance,  if  tmy,  from  the  stake  after 
the  aocoiitl  triitl. 

8.  Triangulate  flcroes  a  creek  or  small  lake.  Use  at  least 
two  methodic.     See  how  Denr  the  results  agree. 

4.  Ry  trjnnj^iihilioti  dutorinine  the  distance  between  two 
points  witliont  going  near  tlieio.  Verify  the  resiiU  by  subse* 
(lucnt  racatiurcmcnt. 

fi.  Measure  the  distance  between  two  point*  In  a  given  Hue, 
inviBibtc  iind  asHutpwl  inaccHjasiblc  from  cnch  other.  Compare 
the  results  of  two  [ticthods.  Verify  RUbBcquently  liy  direct 
measure  m  cut. 

6.  Kim  a.  trial  tine  between  two  points  which  are  invtaibU 
from  eat;h  other,  on  acconiil  of  an  inlurvcuiug  ridge.  Correct 
the  au;;;te  and  re-ruu  tlie  line.  If  the  proper  point  is  not  reached, 
sbould  the  angle  be  again  correct^dF 
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SECTION  IV. 

Heights  and  Distances. 

a.  agcbbsibls  hmohts. 

185.  Let  it  be  required  to  determine  the  heitjht  P  above  a 
horizojitcd  plane  LN.  Measure  the  diatance  LN  and  the  angle 
of  elevation  L.    Then 

PN=LN\».nL.  / 

If  the  ground  is  level,  or  nearly  so,  the  // 

telescope  cannot  be  placed  at  L,  in  the  ,'/' 

horizontal  plane  with  N,  but  at  some  point  ,''/' 

I,  and  the  angle  Pin  is  measured  instead  of  _.-'/' 

PLN.     In  such  a  case  J*Vi  must  be  added  ^f/'^ 

to  the  calculated  height. 


186.  Let  it  be  required  to  find  the  height  of  an  object  stand- 
imj  on  an  inclined  plane  ON.      Meaaure 

the  distances  NL  and  LO,  and  Uie  angles  ^ 

NLP  and  NOP.     In  the  triangle  OLP, 
by  the  sine  proportion,  find  PL.    Then  _,-''  / 

in  the  triangle  PLN,  having  two  sides  y''    / 

and  the    included    angle,    PN  may  be 
determined. 


187.    Otherwise.   Measure  ^X,  and  at 
L  the  anglCT  of  elevation  of  N  and  P.    Then  the  projection  of 
LN  OB  the  horizontal  plane 

=  LM=  LN  cos  NLM, 
and         MN=  LN  sin  NLM ; 

PM~LMixaPLM\ 
whence    PN=  PM—  Nif;  or,  expressed  in  a  single  equation, 

PN=  LNxtson  NLM  x  tan  PLM~  LN  x  sin  NLM. 


2.  The  tlistaiicB  LN  (ace  Article  165]  tncasuree  U€  feet,  tbo 
»Dgle  of  elevation  /  is  12*  SO',  tb«  Wlescoj)*  being  4.8'  ftbore 
the  borixoDUl  plane  X.V.     Det«nnino  beigbt  of  the  poiut  P. 

3.  To  determine  tlie  height  of  an  object  on  an  inclined  piftite, 
two  Rtations,  L  and  0  (mnirginnl  flgtire,  Article  186) ,  vera  ee-| 
lected.  one  50  feet  and  the  otlier  1 10  feet,  mefi8»r4>d  on  the  slopa-^ 
from  X.    Tbe  niigtc  A'Z,/'  =  40°  15',  ami  ^0P=  22"  30'.     Re-, 
quired  the  height. 

qiTKRir-s.     Ttacticfllly,  is  it  necessary  to  booTT  the  height  oCj 
instrtimcut'  in  such  eiiseti?' 

If  ther«  wHtt  n  cLauge  uf  »IopL'  sii  h,  would  any  other 
measurement  lie  neoessary  to  calculate  t!ie  reriuired  lieight? 

4.  Suppose  NL  (figure,  Artit^le  lSl>)  iueaitiire«  lid  feet,  nud 
the  nngles  of  ele*-ation  at  L.  of  JT  and  P,  are  reapectirely 
12"  80'  and  59"  20'.     Peleriuine  the  height  of  P  above  N. 


B.     INAOOGSaiBLiB   BEiaHTS. 

188.    To  determine  the  height  vf  u»  object  situated  on  an 

inaccesfible  kill. 

Monsuisi  in  tbe  same  vertical 
plane  witli  /*  a  horizontal  line 
LX,  Hiiil  observe  at  jV  the  angles 
of  elevation  of  thepoltite  Oam\P, 
aud  at  /,  the  ansle  of  elevation  o\ 
J',  lu  the  triaugle  LXP.  by  tha 
sine  proiJortion.  calculate  PX. 

By  tbe  same  mellifxl.  find  Xf 
Croat  the  triangle    POy.      Thett' 

•  Hoielit  of  tnitrunieiit  is  the  livisht  of  tliv  line  of  tisht  above  tha 
thi*  Kmund,  or  any  othtr  atfumvd  horiKonliil  plane. 


IKACCeSSIBLB   HEIOHTS. 


l&l 


PO=PN  sill  i'XIf  -  A'O  ftiu  ONH. 

The  studoDL  inu;  show,  after  lluiUug  py  fttid  JVO  as  ftbova, 
a  tlifferent  mctbod  of  finding  PO  thnn  tbnt  imlieiited. 

Ex.  At  a  certain  Btatinn  th(>  nngle  of  elevation  of  tlie  base 
of  a  tow«r  on  s  hill-top  was  88°  40',  atiil  tl]«t  of  the  top 
fiO"  15'  i  190  feet  more  remote,  the  «nple  to  tbe  to])  whs  3B°  20'. 
Tb«  stations  l>6ing  Id  the  enmo  boriKOUtxl  plimc,  required  the 
height  of  tower  and  of  the  hill. 

U9.  Ltt  PO  be  an  object  whose  height  Oi  rrqttirfd.  Measure 
hi  the  same  vertical  plnnn  with  /*  a 
horizoDtal  ba^e  liiic  LX,  and  olMcrvc 
tb«  angles  of  elevation  PLX  nnd  P^O- 
Tbeo,  b^  the  sina  prc^rUou,  Dud  Py, 
and 

P0^PN-»inPyO. 


X: 


■ZL 


N 

39a    Otheneiae.   POcotL=LO, 

PO  cot  y=yo, 

LO-?fO=^LN; 
or,  PO  (oot  i  —  cot  sr)  =  ZriT. 

..P0  = h^ . 

cot  L  —  cot  Jv 

Ex.  If  LS=  120  feet,  and  the  angles  at  L  and  .Yrespec- 


tirely  Sr  60'  and  45' 
^0  = 


la' 


120 


cot  27°  50'- cot  4,V  19 


=  136.G  feet.     Am. 


19L  If  tt  is  iiopructicaUe  Ut  luc-ute  tbu  base  ISnc  In  a  horl- 
bmtal  {>l»ne,  measure  from  L  in  the 
flifwtiou  of  /'  Ruy  line  LN,  aud  at  L 
tike  the  anglcR  of  elevation  of  2f  and  P. 
Obffve  also  the  nople  at  N.  By .  tlie 
*i[it  Vn^Xfftion  obtain  LP.     Then 

PO  =  LP6\oPLO, 

»Bd        PR^PO  -R0  =  LPan  PLO—LXain  NLO. 


192.    Otkenniae.     L  ancl  ^beiog  id  diRerent  planeSiBlMKlK 
tho  lioriztintal  riistnnec  between  thoiii.     Obsorve  the  asgle  of 

elevation  I*LO  and  lino  horizontal 
r  angles  OA.v'iind  OWL.      \\y  tli© 

Blue  proportion  Untl  LO.     Thiin 


I'0=LOtAaI'LO. 

or,  expressed  in  a  eioglc  cquAtioa, 

/v>  _  J^A' Bill /'^VO  tan  i'LO 
^"~  BiniV-Oi  • 

which  e()Uftle  the  heigbl  of  P  a>K>vi 
tbo  lionxoutfll  pliiiio  through  L. 
If  it  is  reqtiirod  to  Unci  the  hoiglit  of  /'above  thr  horizontflll 
plane  through  X.  piot'tcil  aa  fullowa  :     Assuminj;  jV  to  Iw  be- 
low •  Lt  observe  at  N  the  nuglc  of  elevatiou  of  /';  tlicn  find  tbe 
boriitontal  diatAocc  ^etween  X  and  0  by  the  eine  proportion, 
using  the  trtuDglo  XLO;  tlius.  eiii  O:  sin  Z.=  LX:  foiirtb  term.  ^ 
This  fourth  tt?rm  will  nnt  h«  XO.  siiire  tlie  tnenHiiremcut  ofUiaH 
distftDcc  and  aiifjk's  cinpluycd  in  the  computation  is  referreci 
to  a  hori&ontnl  plnuts  ntid  heuce  the  foitrlh  term  will  express  the 
horizont<^  distance  between  X  an<l  O,  which  equals  Xft,  H  \it\iig 
a  point  in  the  prolou^ntiou  of  the  vorlioftl  PO.     Whenee, 
I'R=XBUaiPXR. 


eXAMPLCS. 


^ 


1.  At  a  certain  station  the  angle  of  elevatioa  of  the  top  of 
an  liiRcci'saible  ol>)eet  situated  ou  a  Iiorizoiilnl  plane  was  (SO'  00', 
aud  120  feet  further  itnay  the  angle  wat)  2'J°  10*.  Required  th« 
heif^ht  of  the  object  and  its  diftt«nce  fi'ora  Uie  llret  station. 

S.  RiippoHc  XJV  (figure,  Article  Bl)  is  140  feet,  tho  angles  of 
deration  at  X.,  of  X  and  /*,  arc  respcctivelv  9°  25'  and  80*  16', 


and  tlie  angle  7*^7^  =  42*. 
aiitl  H. 


LX=  1000  feet; 
angle  OXA'=  SC  20' ; 
»Q2lp  Oyt  =  ft5'40'; 
Finil  PO  ant!  fiO. 

193.    To  determiae  the  perpBtuUcular  dislai%c«  from  a  ^ven 
horiitmtai ])iane  o/an  inatxetxiMe  object  situateid  below  it. 

I>et  P  be  the  pfiiikt  wIioac  pcq)cniliculiir  distance  from  a  lioH- 
zoutal  |>1nne  ihruu^ti  L  i»  rcqiiiroi).  Sclei^t 
two  points  L  and  S  visible  from  cocb  ottu>r, 
and  from  which  P  ean  tw  seen.  Mesisure 
till-  liorizoutal  ()i(itnnc«  tjelwi^eti  th«ni :  oh> 
serve  also  the  horizontal  angles  PLX  and 
PXL,  and  tlic  angli;  of  Jc|>ru»aiou  »it  the 
point  P.  ot  L.  Jly  the  sine  proportion  cflJ* 
enlate  ■  the  hurixoHlal  dUtance  frum  L  \o  P\ 
this  uiiiltiplted  br  tin*  Uugeiit  of  the  angle 
of  depression  observed  at  L  will  give  ibe  |>ei-iK>iidicu1ar  dts* 
tance  rcquirnl. 

If  L  nod  y  arc  not  in  the  »ame  borixoiilal  ploQc.  obserro  at 
If  tli«  angle  of  dvpri^Hslou  of  P,  and  ualcidate  as  above  the  p«r- 
[lendicular  dtetAn<w  between  the  [toiiit  nnd  ihe  horizontal  plwue 
through  K.  The  diffcnrni-c  of  these  [wrpendicular  distaiicea 
will  also  give  tfa«  dilfcrent-c  in  hcii^ht  ofL  and  N.  A.  cliei^k  on 
Ibr  work  mny  ha  had  by  determining  fmrn  mort^  direct  methods 
ilniady  giveu  the  dilTen>no?  In  ek'vntiuu  of  L  and  N. 

EXAMPLES. 

1.  At  L  and  y  (liut  Qgurv)  the  horizontal  angles  mea^uro 
respectively  G7'  4U'  and  iS"  10' ;  and  sighting  J\  the  angles  of 
dupreBaion  taken  in  tbe  same  order  are  32°  18' and  21' -13'.  The 
iinlaooe  between  the  stations  being  1:200  feet;  recjuired  tli« 
differetice  In  height  of  P,  L.  and  H. 


2.   To  And  the  height  of  ed  object,  PO,  standing  on  Ibe  edge 

ot  a  liike  and  luacco^sible  to  /.,  a 

statiou    on    tlie    opposite   roctiv 

etiora,    a    disLauce    of    500    feet 

-—J*  voB   measured    fTOm  L  up  the 

elope  to  iV,  whore  the  angles  of 

Jq  depression  of  L,  0.  knd  P  wenj 

obser^'i:d    respoctively,    39*   -iO', 

Required  the  height  of  PO. 

194.  To  determine  IhA  h/Hght  of  an  object,  and  ita  diatamx 
from  three  observing-staiioMti  tilUtateii  in  a 
strmfjUt  iinfi.  and  in  ifte  koriiontai  plane 
through  the  foot  of  the  obj^Kt. 

L«t  PO  reprosent  the  required  height ;  £, 
H,  ami  jV  the  EitKlioue  ;  liio  nngteKof  elova* 
IJoii  of  P  taken  Ht  ench  and  in  the  order 
*^  aamed  n*  0,  and  6.  Tho  distauc-u  LR  =  a,  ■ 
IiN=  h.  ami  the  unfanonii  height  =  x.  It  is 
evident  thut  the  trianjilca  POL,  POlt,  and 
POST  are  right- niigled  at  O,  and  ttiert^fora 

OL  =  a  K  cot  a. 

Oii  =  «  X  cot  )3. 
ON=xxviite. 

Agflio,  drawing  OM  perpeudicular  to  LN,  we  shall  have  from 
the  acute-angled  triangle  LOR, 

Ol^^OR'+RV-2RlxRif^ 

and  from  the  obtnisc-angled  triangle  NOR, 

oy'^o^+sy'+iRyxRiTi 

OTi  inlMtitnting  the  proper  values  for  tlie  lines  represented,  wo 

BfanllhaTe 

i»  00^  o  =  a)*  eo^  ;3  +  a' -  2  n  Afffl, 

a?  cot»  *  =  aP  oot* /8  +  »*  +  2  6  JtW. 
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Eliminatittg  MR  by  multiplying  iLe  tirsl  by  fr,  the  secoDd  bjr  a, 
dding  nml  facloriug,  we  obtain 
ar*(6cot*a  +  «cot'fl> 


Wbence      s 


=V. 


06(0  + ft) 


14  cot^a  +  o  cot**  —  cof  tf  (a  +  ft) 
If  tiM  stettODS  are  eqiiiiiittant.  tbe  formula  reduces  to 


te=: 


■2(i" 


\  cot'  tt  +  rot"  tf  —  2  co^^' 


Or, 


«=- 


cot'C 




^■Oolal  difitaui^e  from  llie  obJL^et  to  i>ithor  slAl'loii  intiv  hf.  di-u-r- 
tnlDed  by  ti]ulti|>lymi^  lliis  lieigbt  by  \\w  colaiigout  of  (lie  mi^le 
or elevdtion  at  tlie  itutton.  The  oblique  dirttaiicr  from  either 
station  to  /*  ia  given  hy  the  prrxUict  of  PO  and  the  cosecant  of 
tit*  Mucit  of  elevattou  vX  tb«  »tntioD. 


'cot* . 


cot";? 


^ 


OTACCSaBIBLB  DISTANCES. 


^■ 


195.  7%e  diataace  aimrt  0/ tliree  object»,  L,  0,  mid  *V,  iu- 
Kcecvible   from   P  niv   ktiown,  viz.  :  ^ 

iO  =  'i<iOO  fe«t,  0^'=180U  feet,  iind 
LS  =i400  ttaet.  At  P.  xituat(.>d  in 
the  prolongation  of  ON,  the  olinerved 
angle  =21°  48';  bow  far  la  It  from 
itatioQ  P  to  ench  object? 

First  cnk-ul&to  i»i(;lu  O;  then  In  Ili« 
triuglo  /'0/>  there  will  bt>  known  all 
Uw  angles  ami  one  aide.  whfiiL'c  the  re- 
<iairud  diHtnnoe,*!  may  l)«  readily  found. 

I'Bttally  the  station  P  c4tnnot  be  ohos«n  90  as  to  fall  in  OJT 
01  OL  prorluoed :  Ihen  t\w  niPaMiiTetnenl  of  fvo  angles  will 
generally  be  sufflcient,  with  the  known  dJRtnncea  to  locate  tbe 


X. 


\. 


■x':-. 


'P 


VtA 


nUAXK 


sa0e  JTP^  =  «  =  XT  MT  : 

hf  Komittrm^if/t.  the  pMot  P  bst  be  lomd  ac  folovs 
UM4  fmu  1^''  Z  LFO.  ukd  frooi  Z.O  bj  off  at  £  smI  O 
MjcVs  /.'>Jir  aad   07.X.  okIi  eqoal   to  kalf  tte   ii  —will 
VfAm  tbt  (MOt  M  thi»  deteriBincd  m  a  catre,  swi  vtt 


nuliun  A.V.  'leftcribe  the  circumfereuce  OZ./*.  Tbe  angle  LPO 
will  tli«u  tie  ctjuUiined  in  tbe  segmeut  LPO,  and  tbe  point  P 
tnUHt  lie  Miinewliere  in  tbe  circamfereace  OLP.  In  like  maD- 
rtcir,  hy  m<^anit  of  tbe  angle  OPN,  find  another  cireumference 
<iSP,  in  wliicli  the  point  P  must  be  eituated.  Tbe  intereeo 
tioti  of  tbeite  circumferences  indicates  its  position. 

The  angle  at  tbi^  circumference  being  bnlf  tbat  at  tbe  centre, 
tlie  angle  JjMO,  nubtendcd  by  the  same  cbord  as  LPO,  will  be 
H  IJ'(}.  and  the  angles  OLM  and  LOM  being  eqaal  and  to- 
gether the  supplement  of  LMO,  each  angle  will 


tSACCESSrDLE  DISTANCES. 


Oth^rteiM.  Constmct  an  angle  NLR  «qoiil  to  OPN;  alfto 
LXR  equal  to  C*/*/.,  ami  (Jescribe  n  circurariTonee  through  tlie 
]ioinU  L,  ti,  and  S.  The  point  /*  must  lie  jii  tb«  oircumfer* 
«Dco.  anil  also  in  the  line  dnivn  from  0 
tlurough  It,  Tbvir  [xjitit  of  int^t-st-cliou 
Iberefore  will  indicate  its  poeitioa. 

The  student  mny  g\\e-  tht>  renson. 


199-   Bg  CaicuttUion,     Pass  a  circle 

1  the  jioiuts  L,  -V,  /•,  mid  join  L 

with  li,  iLiis  forming  n.  triangle 
in  ithicb  the  angles  /?/>.Vanil  JiNIi  are 
equU,  rc«pcftivel.v,  to  the  observed  an- 
gles Rf'X  and  IiJ*J.,  and  tlifse,  willi 
tlu>  known  side  LN,  fumlsh  data  snniclent  to  couiiJiite  tlie  ildes 
Lti  and  RN.  Next  calculate  the  angle  OiV//,  whence,  bv  buIj- 
Inictioa,  tbe  angle  OXH  m  Touml.  Now,  iu  the  tmnj^le  yoJi 
that  aro  giren  two  Bides  nnd  the  included  angle  to  find  NOR 
and  ORy,  or  its  fluppk^meul  PRX.  aiid  liy  means  of  the  eino 
proportion  and  the  trinnylett  POX  &.nd  POL  the  distances  PX^ 
and  PL  may  be  obtained. 


r 


Oififrwiim,    After  Ending  the  angle  0,  obtain  an  expreesioa 
for  eillier  OLP  or  OXP,  and  then,  by  the  siue  proportion,  tlie 
i^r«<iair*<l  distances. 

H     Denote  the  angle  OLPhr  4,  OXP  by  tpy  nod  the  other  parts 
Hm before;  tben 

H    Wht 


mn  ;j 


tiaa.  tarn  If;  =  I  :  OP,  or  0P  = 


Whence  !i^=?-''i^; 
am  /i         Biu  a 


^(•in  1^ 


„.    ,_Uin«('«inS 


»  Bin  a 


1S8  PLANK  SURVEYING. 

Again,     *  =  36(>— a  —  /S  —  0— i^; 
or,  putting  360— a— ^  — f)=fl, 

^  «  tf  —  ^,  in  which  6  ifi  knomi  t 

ud  since -^)_lSlli^i^ 

n«liLa 

D<>v«1oping  the  Icft-haml  member,  diWdiog  tliroo^  by  eoa^ 
aod  simplif/iiig.  llivre  rc8iill« 

»  sin  a  cos  &  * 


tan^  := 


I&iQj3  +  "  sioa  CO80' 


or. 


i  sin  fl       ,      .  - 

col  1^  =  — : -, —  +  exit  6. 

n  SIQ  u  Bin  ^ 

There  are  therefore  but  tbi-eo  steps  in  the  solntknit 
1.    CAl<!»lflt«  the  an^lc  O,  ftnd  thcnco  obtoio  ft. 
i.   Fiuil  taai^,  orcotiA. 
3.    By  »lne  proportion,  calcuUte  P'JV,  PO.  and  PL. 

In  the  exain])l«  givt'u,  biucu  the  sideB  are  iu  tli«  [iroportioa 
A  :  6  :  M,  the  aii^le  0  maj'  l>e  rendily  found  from  the  well-kiiown 
formula  for  the  cocinc  of  an  angle, 


"""              60                                      * 

ftnd 

9-218"  88*; 

whence 

^^lO'J^ftS', 

.^  =  103"  45'. 

«iD  23°  10'                Ar.  CO.  =-0. $96406 

;8lDlO£)°53'                               » 9.973307 

::3f)00                                           =3.477121 

:/*Os7028                             «3.4:iJ(;834 

'  Bi>gard  muii  be  fflv«n  tu  th«  tigns  at  tlie  irlKonomi^tric*!  fnncrUnna. 
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sin  S8'  40' 

I  sin  46'  27' 
:S00O 

;  PN=  M17 

Bin  29"  50' 
1  sin  W  26' 
:8600 


=  ».M60202 
=  3.477121 


=  3.733729 

Ar.  CO.  =  0.303225 
=  a,8yj9C2 
»«  8.586808 

=  8.719490 


If  tbe  siipplument  or  tlie  observed  angles  at  P  eijiiaU  tlie  niigle 
at  0,  the  circle  will  puss  Uu-oiigb  the  tbree  poiutu  L,  Nt  and  O, 
and  P  may  be  anyv:here  on  tlie  circutiifercLce,  u.iid  Lcace'iLs 
distance  is  {itdpterminat«  by  the  firet  method  given  above  ;  and, 
tubstitiitinfi^  in  the  formula  the  propor  vkIiics  to  find  cot  i^  by  tlie 
Mcond  metliod,  the  niiraerator  of  tlie  fraction  will  berome  in- 
Bnitc,  UH  ultto  Uie  cot^i  lieiice,  aucb  ua  observulioQ  will  fall  in 
botb  cases  to  locate  tbe  point  P. 


I  EXAMPLE. 

SappoBe  £jV=960  rods,  NO  676  rode,  LO  640  rods,  the 
angle  LPO-ir,  and  NPO  =  ib\  Find  lb*  dlslaiiee*  PO, 
i»iV,  and  PL. 

Am.    PL=  758  rods;  /*0=  1310  nxls;  PN=  1350  rods. 

197-    From  the  top  of  n.  mountain  m  miloti  high  tbe  angle  0( 

depntseioa  of  u  line  tMug«nt  to  ibe  earth's  if^ ^ 

aorfacc  la  a  degrees ;  it  1^  ivi[iitrfd  theiice 
to  find  an  expression  for  the  radius  of 
the  oarth,  ns^iiining  it  to  he  «  ^^phrre. 

Let    O   represent   the    centre    of    the 
earth  ;  ^the  tnounluiu  top  ;   P  the  poht  I  q 

of  tangency ;  OP  ami  OJi  radii  of  the 
earth;  RNlha  hctght  of  mountain  and 

jlongHtion  of  OR. 


At 


140 


PLAN'S  aUBVBYlNfl. 


Draw  XL  twrpeadicuJar  to  Oy,  awl  d«uut«  the  radius  of  Uie 
eATtl)  by  n  then,  Hititx  XL  aud  yP  am  rL-»|iOclivcl.v  perpeudic* 
ular  toiVO  am)  OP,  the  angle  XOP=ib«  angle  of  depressioD 
L.\f'=». 

Ueace  (r+  in)  (>oea  =  r. 

mcosa 


r  = 


I  — COSa 


—  Atis. 


MISCELLANEOUS  PROBLEMS. 

I.  Determine  the  beigUt  of  a  bill,  knomog  tbut  the  aagic  of 
«lcvatiuti  of  ittt  top  Trum  a  cvrtnia  titatiou  =  Ml%  and  at  a 
station  HO(t  feet  more  remote  the  angle  of  elevation  =  36*  21)'. 

"i.  Tbe  aafr\ii  of  depression,  taken  fi-Om  a  bulluua  to  u  Blutton 
whose  horizontal  distance  is  known  =  18"  40'.  Fiod  tlie  height 
of  the  tiidlooii. 

8.  Two  war  vpsaels.  ilosiring  to  nscenaiu  their  distuioes 
from  a  fori,  n-iiuivi?  Truiu  i-ac)i  other  20W  feet,  and  meamira  the 
angle  between  ciieb  other  au<1  tlie  fort;  the  aogle*  being 
79°  40'  and  Hi'  20',  what  wore  tbeit  distaneea? 

4.  Two  olwerver«  on  iIib  same  horizontal  plane,  1500  feet 
apart,  uiid  ill  u  verLlcul  pltitic-  witli  a  Itullooii.  olmvrvc  ita  angles 
of  elevation  to  be  ^2"  40'  and  71°  10'.  Required  the  height  of 
the  balloon. 

5.  The  luibs:^^  between  two  obji-elii  L  and  JT  being  ob- 
etnjcted  by  n  swamp,  the  lines  i,/*=420  feel,  and  Py=HO 
feet,  were  mt-'UKLired.  and  the  angle  LPN  observed  =  86"  48'. 
Find  the  di«lfliiee  /..V. 

6.  What  diatiiace  can  a  person  whose  eye  is  5|  feci  aboTe 
the  ocean  ^e  it«  surface?     Aseume  radius  =9UC0  milea. 

'.  [f  the  fliin  subtend  an  angle  of. 12*'  3'.  and  hiitdistADCt  ttota 
the  ea]-th  is  113.000,0(10  miles,  what  is  liia  tliiimeter  ? 

IH.  What  ii*  the  nltllude  of  the  mm  when  the  nbadow  of  a  staff 
ciiat  on  a  honzont.il  plane  in  tn  the  height  of  tlie  staff  as  7  to  A? 
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9.  If  the  horizontal  pftriiUnx  *  of  the  moon  bo  56'  50"  aui] 
tfao  dinmebcr  of  iliu  vnrtli  Id'Hi  inilcH,  whiit  ih  Uiu  tlislance  of 
'  Dioon  from  the  eartlt  ? 


10.    If  the  moon  subti>nil  au  angle  of  81'  U",  when  its  (li»- 
ince  M  240,000  miles.  vh»i  la  iu  ilinttiett-r? 


DC 

11.  When  the  meridmn  altitude  of  the  aun  is  oO*,  the  Bhodoiv 
nai  b^v  ibv.  [teak  of  »  iiintinMkiii  posHk'k  a  uurlniri  [luinl  uu  a 
liorizoQtal  plain;  bttt  when  his  micUilay  nltitmle  is  (">()",  tiut 
Bhulow  strikes  a  point  2000  feet  nearer  the  Ituse  of  the  tnoun- 
toiu.     IK>t«nnitie  th«  height  of  the  inouutuiii  above  the  plain. 

QrERiea.  If  on  ttie  eame  da;  two  obnenntious  were  niiide 
on  the  Bim  for  altitude,  one  or  botli  when  hf.  wnn  not  on  th« 
raendiftD,  nnd  tlio  length  of  the  shsdow  incanurfd  as  in  Ex.  11, 
vtMild  siilQcient  data  Iw  thus  obtained  to  determine  the  height 
of  the  niouiitjiin? 

Would  it  be  possible  witli  data  obtained,  a--*  in  the  first  qiiorv, 
to  ascertain  the  height  of  the  mouutuin  if  the  aun  iraa  rei'tical 
orcr  the  mountAin  at  noon? 

12.  Jf  the  height  of  a  nionntain  Ja  m  luilee  uud  its  top  itt  risi- 
'Ttlc  d  miles,  find  au  cxpre»sioD  for  the  (Uacoeter  of  the  eartlt. 

aoAiiinlng  it  to  be  a  sphere. 

18.  The  angle  of  d«]ircssioii  taken  oa  the  top  of  Peak  of 
TenerlfTe,  which  in  two  and  a  half  niilei*  high,  to  the  farthest 
TiBible  point  was  2"  2'.  It  is  reriiiiied  to  determine  the  observed 
distance  and  the  diameter  of  the  earth,  asauming  it  to  be  a 
sphere.  Dist.,  110,876  miles;  Diam,,  79S6  miles.  Atta- 


^. 


EXERCISES. 


lleasare  tbe  height  of  a  lingstaff  or  cliurcli  spire  above 
theittrNt. 


*  TW  aafle  at  the  moon,  or  oth^r  hearenlj  body,  jnibiiMiit«il  Uy  th« 
diunelerof  lb«  earth. 
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2.  Measure  the  height  of  a  monumcat,  tower,  or  aomc  other 
promitieut  builiiiiig  upuu  a  hill,  witliuut  obluluiiik;  the  diatauc« 
to  the  foot  of  the  object.  Also,  if  pi-acticabli;,  measure  tbc 
(iiBtmice  to  tbc  foot  of  the  object  and  the  proper  nnglcs.  Com- 
|>iite  and  cnmiinit^  results  with  each  other,  and  with  the  actual 
heiglit,  if  it  can  be  aacerlained. 


SECTION*  V. 


RBOOBDINO    THB  FmLD   NOTBS. 

198.  The  Field  Notei  loay  be  recunlcd  in  vftrioiis  wajs,  dc- 
peiiilinj;  ii]H>n  tin:  instiumeiit  UFt«rl,  and  the  extent  and  iotricacT 
of  the  Burvej. 

Firiil  Method.  If  the  coiu[)a»s  is  cmplo^'ed,  the  beariugs 
simply  to  be  takei],  dislauces  measured,  and  tbc  tract  boumte<l 
by  straight  lines  (uo  offBels).  the  siiiiplt^st,  most  compact,  tunl 
altw  moat  cotiveiiiciit  form  for  tli'e  «itb«ei]ueiit  calctitatioQ  of  the 
area  \s  to  write  the  fitntiona,  brarings,  aaA  distances  in  three 
columns,  thus: 


«»TIO»B. 

DSASIXUt. 

IrmAScaa. 

EcnAliKK. 

1 

S.  21"  «)■  E. 

lait 

Tf>  »  mnpli,-. 

2 

N,  48»  li'  E. 

13.-0 

"    birch. 

^ 

N.  43"  «y  W. 

*.n 

"    tuke  and  itoiics. 

i 

N.  45°  08'  W. 

4.76 

"     vrhit«  o«k. 

5 

s.  riij»  w, 

3.68 

"    tnniliioiK!. 

rt 

S.  72)"  W. 

6.SS 

"    Tvi  onk,  bc^lnninii. 

199.  Secotid  Method.  If  tbe  tract  is  not  lai^c,  aiid  there  are 
offsL'tA  in  additiou  to  the  hearings  and  distances,  or  if  simply 
iht  &n^]t>ij  »iid  distances  ni'c  mcasiired,  a  very  good  method, 
especially  for  a  Iwginaer,  is  to  make  a  roiigb  plat  of  the  aiirvey. 


The  above  is  n  sketch  of  a  Bmnll  fi«ld,  showing  offsets  to 
Hireani,  etc.  Tlie  following  ar«  haaty  surveys  ur  bouwlnriea, 
«tc..  of  land  for  (imposed  jiiirlc  iu  City  of  W'lLinlugUiu.  Dvl., 
July,  At^ust,  and  September,  IHH.'i : 

/■onsHnti  ;  Tniiflu    Cliratcniuin'a  100-fool  etoel  Ui[>e. 
Work: 

LiDM  run  wttli  trtniit,  aod  carvfuUjr  iii«uui«<]  witli  itecl  tApefram 

fUtion  tnatatinn. 
Akglea  bviwcen  Di^tc  lines  taken,  alwayi  trom  left  ta  right. 
MA^nctic  bcoriaici  of  linen  CaJcimi, 
SuU'Jiu  numbered  or  leiti-roil  in  regular  order. 
OflMt*  (tomttinie*  kdrIm  anil  diitan(N>>)  tAkcn  tn  Incaic  hA-aupa,  cor- 

BMH  of  fencca,  etc..  olbcts  nutio  at  rlglit  auglca  with  lineo  Joining 

•taliniu. 

Takra  frM-ltand  in  viniill  noli>biiiik*  (utv  h\"  x  ^"). 

Sketclm  maiie  to  siut  ihe  page  nn(]  to  maho  the  malter  clear  far 

ploltini;. 
The  luual  cbecki  dmJ  an  field  and  office  work- 
ttfhMtaitm  ofSktiefia  • 
>'a.  1.  fiiagltr  pago  <if  nutv-bijok     Louatauu  of  fenoea  on  boundary  of 

land  propoaBit  (ur  jiark. 
Xo.  S.  Two  oi»poaito  pages  of  note  book.     Location  of  road  through 

land  propnacd  for  park,  *hi)Hrin)[  mitron'1  LrasfiriK' 
!tn.  3.  Tiro  oppoaite  pagt^a  vt  nat^-boiik.   [^cation  of  run  between  two 

aid  joining  o>mcN  of  land  propound  for  pA^k. 
Sn.  t.  Two  oppoaiie  pagfi  of  nulc-bouk.     Lmation  of  hciuiea,  elc.,  In 

land  prop<»«>d  for  park. 


144 


PLANB  8UBVBYIHG. 


?w« 


No.  I- 
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'3ta.a» 


No.  3. 
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k£uL 


Limettone,  cor.  to  W.V.  in  C.C.'i  line. 


Limeatone. 


Limettone,  cor.  to  3&K.  in  C.C/i  line. 


Liraeitone. 


Llmeitone. 
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A 


Stone  hoaae   M 
lOty  from  line. 


K.  12"  W. 


■s 


Bond 


vi/ 


Stone  house   M 

ntar  corner. 


(4) 
10.40 

Limeitone.  Bta.  (4)  in  foregoii^ 
deicription. 

9.00 

■J. 

(C) 

Linmtone. 

10.41 

Lane  leading  to  dwelling,  S.  1 1°  K. 

fl.00 

^Bam. 

6.40 

M 

IB 

o 

CD 

Hoiue  60*  from  line. 

S£i 

(i^) 

20.38 

S2 

f. 

(1) 

White  oak  itump.  Sta.  (1)  in 
foregoing  deicriptiun. 
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The  bearing  wid  diaUnce  of  proof-line  from  P  to  Sution  (11)=  8.62}°  \V. 
lO.lo. 


A 


2) 
5 


0.20 


CO) 
6,76 


o 


Limestone  at  end  of  lane  on 
north  bank  of  "  Big  Brook." 


Limeatono  on  bank  of  Spring 
Run. 


Point  in  lane. 


Sta.  betw'n 
houie  and 
bam. 

71'  'M.  Barn 

S.  70^  WW.  7.08ltoSpring  Run 


and  34.08  to  VVeBt  line. 


Limeatone  in  middle  of  public 
road  at  end  of  lane. 


Tlie  uol««  «faow  tliBt  the  sEdos  of  tlie  tract  were  firBt  sun-ejed ; 
which,  with  their  lienriiigf*  antl  distances,  include  hUo  liie  loca- 
tion nnd  general  dirccttoo  of  road-croBsiogB,  iitreams,  f^tc.,  a 
desoi'iption  of  tho  comers,  and  the  unmcs  of  owocre  of  property 
ndjoining  Uie  Biirvey.  Next  to  travei-fiin^  the  bounding  iinea, 
tho  Hurvc}?  of  the  public  iXMid,  crossing  tlin  forui  from  cai>t  to 
went,  wan  made.  This  road  eaters  tlin  tract  at  Htutioa  (I); 
nt  lt.40  L-buiDB  from  (Ji)  it  pas^s  a  house  which  ia  60  feet 
to  the  right ;  at  9.(I0  chains  a  rond  to  the  left.  tJie  bem-iug  of 
which  is  given  ;  at  10-41  chains  iu  a  comer  at  end  of  lane  lead- 
iDg  to  dwelling:  near  the  cast  end  of  rood  a  stone  house  (s 
located,  at  100  feet  oortli  of  the  line;  and  at  10.49,  station  (4) 
of  nidcs  aurvey  ia  reached,  at  which  point  tbv  roud  leaves  tho 
farm.  The  snrv'cy  of  the  Isoc  to  the  dwelling,  and  tbeuc«  to 
the  croek,  is  next  reroi'dcdi.  Here  are  noted  tbi-  intetftectioo  of 
A  line  S.  79"  10'  W.,  anil  the  distances  on  this,  ca«t  and  west, 
In  spring  ruuH.  na  well  as  tUu  disiaiicctt  to  the  ca«t  and  west 
aideH  of  the  tract;'  the  dwelUng  and  bam  are  located,  luid  the 
limestone  on  the  north  hank  of  Big  Urook  reached.  A  tine  wu 
lun  from  thiH  Intit  |>uint  to  station  (11).  which,  in  couQection 
with  the  RiirvcT  of  ttie  lan^ti,  the  public  rond.  and  th*  oroi^K-lioc 
from  £i  to  V,  gave  proof  of  tlie  accuracy  of  the  work. 


*  TUe  line  km  m»ii«  a  boiiadar7  tn  the  «ub«cquent  divUioD  of  tho  land. 
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SECTION   VI. 


LATITUDES   AND   DEPAKTURBS. 

201-  Ths  Bifference  of  Latitude  of  tlte  two  ends  of  a  line  U 

the  pcrjiendicular  distanoe  between  tlis  pamllolB  of  latitude 
wLieli  [la^tt  tLrougli  th«m,  and  Is  rci:koiiL-d  uortb  or  soiitb. 
according  iw  tlie  bearing  is  northerly  or  soatherly. 

The  Difference  of  tonjitnde  of  the  two  cod*  of  *  line  is  the 
])ei'|)(^iiili(iular  diBUiiice  b^tntii^u  tlie  mcridiaas which  pasii  tJiroufjri) 
llieni,  aud  in  r(.>ckoiii!<l  eaat  or  ireal,  acoortling  tut  tliv  Waring  is 
eaatt-rly  or  weat«rly. 

Tlie  difference  of  latitude  of  a  Ibe  la  often  called  briefly  the 
latn-udp,  or  northing  op  sontbinj; ;  and  thcdifTcrcnce  of  departure, 
it»  liejiuTture,  or  easting  or  n-esting. 

U  will  be  perceived  Troiii  tlie  d*?]! iiitiotis  ju^tgiren  tli^il,  when 
a  lioe  bears  either  due  nortb  or  south,  the  distance  eqnala  the 
latitude,  aiid  tlio  departure  ia  nothing ;  but  if  the  bearing  is 
f.-tRst  or  we»t,  the  difttance  and  departure  are  ofjual,  and  tbe  lati- 
tude ia  xeru.  Furthermore,  it  will  be  seen  that  iu  all  other 
ca8ft»  except  those  Jnst  cited,  the  latitude,  departure,  nod  dis- 
tance form  the  three  liides  of  a  riglit  triangle :  the  di.ttuucc 
being  the  liypotuDuec.  and  the  latitude  aud  departure  the  aides 
about  the  right  angle. 

I*t  U'  re])rcscnt  a  line  given  by  its  bearing  and  diatAOCe ;  it 
is  ref|nlrc.d  to  determine  it*  latitude  and  departun;. 

Let  OL  and  PM  rppresent  pnndlola 
of  lalitudu.  and  LM  ami  OP  meridians. 
The  leiigthsof  Z..V=0/^ and  Z,0  =  itf/» 
arc  required. 

The  problem  atattvd  ainiply  ib  :  Given 
iu  a  right  triuugle  7-3//' the  hypoteniige 
LP  (dislaiuw).  the  angle  L  (bearing), 
to  find  the  side  L^(Iatilude),  and  MP 
(departure). 


Pi 


^ 


-er 
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US 


Ftom  Trigouometr^,  LM=  LI'aosL, 

So  it  is  seen  Ibat  tlic  latitude  of  &  ^mc  is  olitniticcl  by  taking 
tbo  prnduc't  of  llie  diBlaiice  and  the  coirine  at  the  iHjaring,  and 
the  tlrpartiire  is  equal  to  llie  product  of  lliv  distauce  and  tim  of 
the  l>caritig. 

aoe.  The  caae  just  trsftted  Is  the  prioclpal  one  whit-li  tbo 
tun'i'Tor  will  nuts  oiiiov  it  is  neceman,'  —  as  will  siiltttcqueiitly  be 
w«n  —  in  comiHitiug  ai'eas,  to  ilutcrmiao  tbe  lDtilud<?ti  uiid  de- 
pttrtures;  and  by  the!ic  fonntdiis  be  will  generally  obtnin  tbem, 
baring  taken  in  the  Scld  tliu  bi-aiLiijcs.  ur  iinglce,  nnil  ttistaQcee. 

Otber  cases,  however.  <?ill  occur  in  practic*  rcPerriog  to  the 
triangle  L^^'.  and  foi-  ooiivcnicara  Iboy  are  here  Bubjuiii<?d. 

Uesiguating  \he  length  of  the  line,  or  distance,  hy  »,  tbc  bear- 
ing by  6.  titc  latitude  and  departure  respcccir(;l3'  by  I  and  d, 
tbvn  ire  may  write  Uie  following  formulae: 


Cau. 

OtTES. 

Ufiv 

IBKI>. 

FoBntrLAa. 

ft;     A 

^    H. 

■  •■      '■ 
1.     d 

t. 
t, 

t, 

K 

b. 

<i. 

I. 

'1. 
1. 
t, 

t  =  »  COR  h.                   </  =  •  sin  It. 

I  — —  I  IOC  b,      i[  —  I IJUI 6. 

unb                         tan  & 

dnb  =^.                  1=  V«'-J*. 

f 

" 

UXih^-.                   B^y/P  +  Ji 

EXAMPLES. 


1-  GivQO  the  bearing  and  distnnce  of  a  line.  N.  23*  M'  W. 
14.25  eliaitM ;  ref^tiired  its  latitude  and  departure. 
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S.  (riven  the  bearing  of  a  llae  N.  87°  40'  E.,  and  the  depart- 
ure 2640  feet;  find  its  distancu  aud  lulitude. 

2.  Given  the  length  of  n  line  24.60  chains,  and  the  departnre 
17.40 1  Aad  iu  bcfiriuf;  iiud  Iftlitiidc- 

4.  Given  the  latitude  23.76  chains  south,  and  the  departure 
0.94  chains  west;  rorinired  the  bearing  and  dlstance- 

5.  Given  the  diBtance  IHHC  feet,  and  the  latitude  948  ;  deter* 
Quae  its  benvitig  aud  departure. 

6.  It  Is  required  to  find  llic  (li«tnnce  and  departure  of  a  line, 
given  the  bearing  S.  30'  \Y.,  aud  latitude  10.80  chainii. 

203.  The  Traverae  Table.  By  the  use  of  Formula  U  ta»t 
article,  latitudes  and  dopnitures  have  been  calcutat«d  for  everj 
qntrlcr-degree  of  the  qiiadiaut,  coircspondiug  to  di8taiic«a  from 
I  to  10^  and  even  from  1  to  100;  these  resnlta  tabulated  coif 
Btitute  the  traveme  tabie.  Such  a  table  vriut  considered  quit* 
indtspcustihle  whii^u  the  oornpuss  vas  tiie  priaclpal  HurvvvinK 
instruuicut,  but  »ince  the  more  accurate  transit  has  to  a  ^rcat 
extent  Huporoedod  the  compass,  and  eiirveyoi-a  arc  now  reading 
to  mhiulet  instead  of  ^uatter-tiegrt'es,  t)i<>  common  traversa  tatile 
reading  on],v  to  tiuarter-degrces  is  of  Utile  practical  value. 

When,  therefore,  the  beuniigs  are  read  to  minub»i,  the  lati- 
tades  and  dejiartures  are  generally  beet  obtained  from  a  table 
of  nntiirnl  eiiies  nnd  coxines." 

However,  for  the  benefit  of  those  engaged  in  compaas  surro^- 
ing.  and  for  those  who.  tliungh  i-eadiug  to  minulcB,  prefer  to 
obtain  by  interpolation  the  latitudos  and  departunw  from  the 
traverse  table,  one  is  giv»u  near  the  end  of  this  volume. 


*  A  craverac  table  In  which  ihe  cabulxtioriR  are  mada  to  •raraiJMA 
of  bonring  for  d Ulan v.'ve  from  I  tn  10  ami  exicTuling  to  flvadmlnlfllM^ 
wsnld  «iitwi;[  tUi^  purpose  ftdmirablj.  Sucli  n  tabic  ii  in  vntlmcc,  but  it 
Is  not  comaion.  Tho  commDn  laltlei  of  naniul  linea  and  eoiiiici  an-  tiiB. 
flljtablM  tit  Iniitndc*  nnd  (1^pn^tu^ell  cnrTvi|inndin|T  to  a  anit'ii  dlatancc- 
Vlth  a  dlabutL-e  S,  thi-  Intitiiilt.'  and  dirgiarturc  nrv  ivrice  lliosc  in  ihe  Ublr; 
wh»n  tbe  diBlance  is  S.  thrco  timo* :  whuii  n,  n  Umo*. 
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bplanation  of  the  Traverse  Table.  Tho  number  of  degrees 
in  the  beming  if  it  does  not  exceed  45  is  found  tu  tli«  lefl-baad 
colutna  of  the  page,  and  ihe  latitudes  and  departures,  lui  iwli- 
oated  at  tbe  top,  may  l>e  Utkeii  under  the  [proper  distance  ;  if 
tite  Dumber  of  degrees  is  greater  tban  45,  it  is  found  in  the  riglit- 
hand  column  of  tlic  ]iagc,  Hnd  tlic  coliimiiii  of  latitudes  and 
departures  are  indieuted  at  tlie  bottom,     for  example  : 

1.  Let  it  be  required  to  find  the  latitude  and  departure  cot^ 
reapoDding  to  a  Iiearing  N.  34*  .10'  K.  ond  dlKtanco  &  ohaine. 

We  Hnd  in  tbe  table,  oppnute  34"  30'  and  under  *'  distance  5," 
in  tbe  oolumo  beaded  "Lat.,"  4.I3I,  and  in  the  column  bended 
"Dep.,"  2.833.  Ueucc  the  latitude  and  departure  are  reapec- 
tire)y4.12  N.  and  2.83  K. 

2.  Requirud  tbe  latitude  and  departure  of  u  bne  bearing  N. 
72i'  W.  9  chains. 

Looking  in  the  column  at  the  riglit  of  the  page  for  72*  15'. 
and  uoder  "distacce  0,"  we  flud.  readiug  at  bottom, 
ft  in  tbe  Lat.  column,  2.744; 

iu  tbe  Dop.  column,  £t.A72. 
Ileaee  the  latitude  is  2.74  cbaios  N.,  and  tbe  departure  8.57 
cbwits  Vf. 

304.  Tbe  table  mar  be  naed  to  find  tbe  latitude  and  depart- 
ore  for  any  disbmcc  buwuvci'  grc»t.  If,  in  fir«t  example  above, 
we  snppose  tho  bearing  to  remain  the  same,  but  the  distance  to 
be  ftOcbaiaa;  then,  sim'ij  for  Ifae  same  bearing  tbe  latitudes  and 
departures  vary  din-clly  iia  tbe  diatouce^,  tin*  latitude,  or  depart- 
ure, for  &0  cbains  is  10  times  tliat  for  b;  and,  as  multiplying 
by  10  ia  ia  effect  rcmovini;  the  decimal  point  od«  place  to  the 
r^ht.  we  may  take  directly  from  tbe  tabli*  ap]XK(ite  a  tbe  lati- 
tideaod  departure  uf  .>0,  ur  41.21  N.  uud  *i».32  E. 

[f  tbe  distance  is  not  a  multiple  of  10,  bnc  made  np  of  units 
and  teas,  wo  may  take  out  of  tbe  tabic  tbe  latitude  and  dopart- 
ure  for  the  wni/«,  and  for  tl)e  f-'n*  ha  indicated  above.  The  sum 
of  these  will  eridently  be  the  latitude  and  departure  required. 
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3>  Lob  it  bo  required  to  fiuii  the  Utitado  and  departure  of  a 
Iin«  S.  40''  K,  :U  elinins. 

Lvokiug  ID  the  tahic  o^iposite  iO"  ami  under  *■  disUiDce  3,*' 
take  out  »t  once,  hy  cooccivlitg  the  ilecinml  point  ivtiioved  ojie 
place  to  tJiu  right. 


For  SO  cbaina. 
Then     '*      4      " 


Ut.  22.fl8 
"       a.OG 


Dep.  19.2S 
"       2.57 


34chtiii)3,         Lat.  26.04  S.    Dep.  21.9o£. 

By  an  extension  of  tlie  above  principle^  the  table  may  be  uaed 
to  nbtah]  the  Intitiiiile  uind  departure  when  (he  distance  U  com- 
pueed  uf  chaiim  uud  liukit. 

4.  Given  the  bt-aring  of  a  line  8.  28"  45'  Vf.  36.58  cbiuDS,  (0 
fiuct  its  latitude  a.nd  departure. 

For  20       chains,       Lat.  =  17.53 


.3 
.08 


=  5.26 
=  .44 
=     .07 


lJep.=  a.62 

"     =  2.89 

"    =  .24 

'■     =  .04 


26.58  chains,       Lat.  =  23.30  S-        XJep.  =  12.79  W. 

5.  Find  br  tbe  U-av«i-eo  tnbia  the  latitude  and  departure  of  a 
Ho*  bearing  N.  41*  45'  E.  17.2!)  diaioB. 

6.  Given  the  bciiring  of  n  line  S.  J"  W..  tliatancc  23.48 
vbflias,  to  find  its  latitude  and  departure. 

7.  "niiHt  are  tbe  latitude  and  deparlure  ot  a  line  bearing  H. 
SS'SO'E.  135.42  chains? 

8.  If  the  hearing  and  diHtancc  are  N.  89}°  W.  20.09  cbaina, 
what  arc  the  latitude  nod  dcpaiturcy 

205.  Hy  laQtihn  of  niIeriH>latlnn  the  traverse  table  may  be 
used  to  Und  the  laLitiide  and  departure  when  the  bearing  is 
gtvoD  to  minutes.  Thus,  the  bearing  being  N.  S4°  20'  E.  any 
given  distanct,  take  out   the  latitude  and  depiirtui-c  corre- 
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cponding  to  34**  15'  and  the  given  distance,  tiud  aiM*  to  tb&t 
departun  -j^,  or  \,  ut  tin-  (litt'L'iTiicu  lieiwvvii  it  and  that  oorrc* 
•ponding  to  'M"  'SO'  and  the  girvii  dictUiic-e,  for  the  dt-parture 
TMjuired.  Llkevise  obtaia  -^g  of  the  diSercnce  betwtM>ti  the 
iatitnitfi  eorrespoiirti n"  tn  St"  !.'»'  nml  84'  30'  nnd  tlic  dislaiiee, 
and  xubtmct*  from  the  latitude  first  found  for  the  Latitude 
nqoiwA. 

For  a  Inuring  94°  28',  the  CraotJonal  part  to  be  taken  of  th& 
di8cr«nt«  between  34°  14'  and  34°  30'  would  b«  -^ ;  the  numer- 
ator beiof;  the  cxcohs  in  miDutes  ntiovc  the  tiiinrter,  aad  the 

nominator  15. 


206.  In  tbeabsenceof  Atravorse  tablacaloalated  tominntes, 
tbe  table  of  natural  aines  and  cosiaea,  oa  befbm  stated,  id  the 
best  to  uec  wbou  the  tioaringH  nre  <;ivcn  to  loiDutcH. 

It  is  tfhowD  in  Articlu  301  Ihnt  the  cosine  of  the  1>«flriu^  inul* 
tljitivd  by  the  dtstaupe  gives  tbe  luttlude.  luid  the  prudtict  of  Iha 
i'dislance  and  Bine  of  bearing  gives  the  departure. 


EXAMPLES. 

1.  The  l)€ariDg  and  distance  of  n  line  are  N.  37'  43'  W. 
S4.29  chains;  required  its  latitude  and  depaiture. 

Foar  pkcee  of    decimals   from   the  table   will  ueiuiU;  be 
nffideni. 

Tbe  co«inc  of  37°  43'  tmc  to  four  places  =  .7911. 
The     aioc  of  A'"  43'  true  to  four  places  =  .61 18. 

.7911  X  24.29  =19.-^1  N.  Lnt. 
.6118  X  21.^9  =  14.86  W.  Dop. 

The  following  oontmcted  form  of  multiplication,  using  fire 
dcL-imal  places,  givee  practicaUv  the  same  result : 

Cnine  of  t)(>arlng=  .79105  ;  sine  of  bearing  =  .6 II 70. 


*  1^  dtpaftoro  IttuvaHB  niih  an  incrcaae  ul  liw  beariagi  die  UUtudc 

^oimiitm. 


=    2.4470 
-      .1224 

=    -osai 


Dep.  =  14.66  ir. 

3.  Find  the  latitude  aud  departure  of  a  line  bearing  K.  G2*  11' E. 
£7.16  ulu  Ins. 

5.  RcqiiErwi  tlio  latitude  and  departure  of  a  line  N.  88'67' W. 
iH.3'  chains. 

4.  R«(|iiirecl  the  latitude  and  depaitnre  of  a  line  bearing 
S.  i'  E.  2C40  h-Kl. 

6.  Giveu  tlio  beiiriiigs  aud  diatunceit  of  two  llnex  ruoning 
from  the  same  iioint  I\  as  follows;  PO,  N.  3«*  87'  E.  1760 
feet,  and  PL,  N.  71°  i4'  E.  1320  feet ;  to  And  by  ineaiia  of  lat- 
itudes and  dcpnrluivK  tho  distance  OL. 

6.  Aasumiug  PO  beara  N.  48"  17'  \V.  27.42  chains,  ami  PL 
S.  36°  28'  VV.  19.24  cbftloe,  find,  ns  in  tlie  last  fxample,  tli« 
distftQce  OL  between  the  extmniilies  of  tlip  lines. 


207.  resting  a  Surrey.  It  'n  evident  that  when  a  »nrveyor 
bus  piLseeil  completely  round  a  ti-act  of  land  and  returned  to  Ok 
place  of  beginning,  he  hns  gone  (n  a  nortlK^rly  direction  Just  as 
Isr  H8  be  hns  gone  in  a  souHierly  dircrlioti,  and  &»  far  casterlT 
as  westerly.  Hence  tlieeuin  u{  the  north  lAtihides  should  eijiial 
the  sum  of  the  south  latitudcti,  and  the  sum  of  the  caul  depart- 
nres  equal  the  stum  of  the  we»>t  depurturen.* 

lu  pniftioe,  this  degree  of  accuracy  ie  seldom  attained,  for 
various  causes  incident  to  the  manipulation  of  the  instrument^ 
tlieir  inherent  deTeetttt  imperfect  L'huiniug,  etc. 


I 


*  If  the  tamy  la  cffem^d  bjr  trarerring  (AnMe  103),  tlic  reading  M 
<h»  la«i  aiJilloii  ihonlJ  be  300°  or  O'*.  If  thu  inicrtor  ant;k>  ktc  mcasorc^ 
thoir  mm  tlmuld  t-qual  twice  u  m&ny  riplil  aiiglei  leai  four  aa  Uie  IlKure 
liM  lidp*.  If  a  «n>al]  error  oiJ«U,  it  muit  bo  diitributfil  i-rrnlj  Among  tlie 
■n|ilc«,  iinicfx  <in  arniiinl  of  ilie  ilifflmiltv  <if  tilKn-rvtiis  utie  or  man  of  ilic 
anglRD,  tlieae  should  bav«  a  laryir  iliJirv  of  the  error.   Sw,  altw,  Article  IM. 


On  account  of  the  varvJng  conditions  tn  (llffcreut  survejs,  U 
b  iiiipnic-licablu  to  state  ptitrisfily  Iiaw  ^eat  an  error  abniild  be 
iiUf>wed  without  a  ic-8urvey  of  tlic  tract.  A  rule  usually  (ol* 
lawcd  by  (.■oiupa&s  Burvuvors  is  to  allow  an  error  of  1  link  For 
(!VprT  !>  chnins.  1  :  5UU. 

This  U  periinps  a  fair  average  for  ordinary  fann  HUl'vejing. 
If  the  groumi  is  esccptiDiiully  clunr,  and  iinitu  lcv«U  an  ctror  of 
1 :  1000  is  not  too  groat ;  if,  on  tbo  otlicr  hnnd,  the  ground  U 
ane^en,  rueky,  and  bnisliy,  1  :  300,  or  even  1 ;  200,  utight  be 
allowed.  The  error  resulting  from  a  transit  survey  of  the  sftine 
grouad  should  be  miicli  Ic&h.  For  the  a%-rrngc  msc  given  nliore, 
instead  of  1 :  500  tt  kIiouM  not  tw  much  Ivsh  thim  1  :  ISOO. 

Tbe  above  roles  ore  cited  simply  as  giiidos  to  tlie  voting  stiP- 
ve^ur  to  aid  tiitn  iu  fortiiiug  ii  stnudaiMl  for  LiitiMlf,  based  on 
his  own  experience. 

aOB.  Correctiog  Latitudes  and  Z>oparttires,  or  Balancing:  the 
Survey.  (1)  A  survey  \h  bnUti'-fd  wrhoti  Ibi-  noitUiugij  c{|ual 
the  iiu>nthit));B,  ami  lliu  iMistings  .ijiiiil  thi*  wost.ingB.  When  the»c 
Oqiudlties  do  not  exist,  the  error  ia  dislrihut«d  ninnng  the  lines, 
proportioned  lo  llieir  Icugllis.  Thw  operutiun  is  culU-d  correct- 
ing tie  Uitilvdes  an^  dt^jmrtiires.  It  is  beat  illii»lratitl  by  an 
atmp\t : 


* 


1 
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Iq  the  tabic  the  IntimdcH  aad  dcpurlunv  corresponcliDg  U>  Ibe 
tevfral  bcfthngs  and  disiauces  are  oblaiaed  by  mcaos  of  a  table 
Of  eines  and  ooeioes,  and  ptaivd  iu  Ihuir  |>ropcr  colntuiu. 

Tbe  flnt  oourec  being  l>etw««n  Uw  douUi  and  Rnat,  the  lati- 
tode  found  U  written  io  tbe  coltimn  beailed  5.,  ibe  departure 
in  column  £.t  nnd  so  on,  tbv  leltrra  of  tbe  course  indicating;  tbe 
columus  in  irliich  to  place  tbe  latitudes  and  departures.  Tbe 
difleivucc  of  Uii!  gums  in  Iha  latitodc  coliiiimi*  U  timu  taken,  and 
found  to  be  7  linkA :  tbU  in  tbe  error  in  latitude.  ' 

Tbe  error  in  departure,  found  in  a  corrc»ix)Dding  manner,  is 
i  links. 

Tbe  total  distance  round  tbe  field  is  sbown  1>y  the  footiajr  of 
tlic  digtnnco  eoliiRin  to  be  4.'i.»0  dinins.  Tbe  dtstribation  of  tbe 
error  it  efTected  then  bj  tbe  proportiona : 


Sum  of  tbe  tides 
45.30 
4&.80 

45.30 


Pnr  the  Lidiinde. 

leDgtb  «f  anr  lido  =  error ;  c«rTectl«n  for  thai  fM*. 
18.11  =    7     :  2 

13.63  =    7     :  a 


Fbr  the  Departure. 
13.11  =    4     : 


I 


II  i§  unoeceagnry  usunllir  to  make  but  one  proportion  eacb  I 
the  latitude  (uid  departure  corruction,  aincc  tbe  error  for  anj 
other  side  may  bo  fvuud  mcutully  by  comparing  its  Icugtb  vritb 
that  of  the  aide  UBe<l  in  tbe  ])ro)H>rtion.  Whole  linba  onlj^  are 
used.  Tbe  latitude  curr(->cUon  fur  tlie  ftecor>d  side  i»  u  little 
greater  thuu  2,  but  it  Is  nearer  2  than  3,  and  in  tlierefore 
called  2. 

The  corrections  thus  found  arc  written  in  their  proper  eol- 
umuB,  beaded  "Correcliuu.  Lat.  Uep.,"  optiusite  tbtt  sides  to 
wbicli  tbey  refer,  and  are  tu>  applied  by  addition  or  aubtractioo 
as  may  be  reifuiretl  to  reduce  tbe  errors  to  xevo.  The  quand- 
taes  thus  obtained  are  placed  hi  the  columna  of  corrected  lati- 
tadcs  and  departures  to  ttic  rif^ht  of  th«  correctioo;. 


I 
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Since  tbc  eouUiiugs  are  too  ttmiiU,  tl]«  correction  2  ia  added 
to  l'2.ib,  taakiag  1^.^7,  Tor  tb«  lint  euWy  ia  tlie  column  of  cor- 
rected l9titu<le8.  Tlio  castings  being  too  small,  the  corroction 
1  ia  added  to  1.67,  mskJng  i.GA,  to  ho  written  iiudcr  E.  in  tlte 
corrected  (teimrtures  ;  and  so  on  for  Cfae  rest. 

If  ibe  corroctiuns  hnvc  hceu  |tro{H'rly  u]}Eili<^d.  the  northings 
will  equal  liie  eouthiuga,  uud  Uie  viiatiiigd  tlie  westings,  and  the 
Mirr^y  i><  btUanetd. 

In  the  pxampls  JiiHt  given,  the  difToreni^o  of  Istitiide  is  7  nnd 
deimrturL-  4  lioks ;  hence,  the  length  of  a  Un«  to  duai'  tlia 
snn-ey  =  ■^/'T*  +  i*  =  nbout  K  liiikci ;  bikI  an  the  jjfrinict«r  of  the 
tract=4A.ifU  chaiiu,  the  "error  of  the  aurvcy,"  or  "error  of 
dosare,"  =  1  link  for  5.66  chain*,  or  I  :  566. 

Some  suni-eyom  prefer  a  more  compact  talilc  than  that  given 

I  above,  and  iutttead  of  a  duublc  set  u(  Ulitiicl™  and  ilt5[>urtui"C8, 
lw«  but  one,  and  write  in  ink  of  dilTerent  colors  the  corrected 
)Atitadc«  and  dopiutiiiv«  over  Uie  lirHt.  Others.  AgAin.  prefer 
hn/  eoluiiinti  iDste&d  of  four  for  tlio  ktiUidt-K  and  <lu|>artiircs, 
niing  the  pins  (-t-)  >ign  to  indicate  north  Intitndeii  and  east 
departures,  and  tlie  minus  (  — )  sign  to  indicate  south  luliludoa 
and  wciit  de|>arture8. 
Tbc  form  given  above  \b,  however,  preferable  to  either,  ainee 
uiiatakc  in  th«  application  of  the  oorrcetioriB  in  in  thnt  inori^ 
l»ily  fletected.  tJie  fuotinga  are  niore  expeditiously  and  accii- 
iy  obtained,  huiI  tlic  siib6er|iK-iit  part  of  the  work  referring 
I  the  area  is  thereby  facilitated. 

If  a  side  of  the  survey  po««««  orer  very  rough  ground,  or 

tbrongh  a  dense  wood,  or  for  any  reason  it  is  rendered  more 

^^tfflcult  to  lueasure  than  luiy  of  itie  otlier.i,  the  surveyor  sliould 

^fperoise  bin  judgment  in  deciding  how  much  more  of  the  error 

^Hban  the  rule  would  indicate  slioidd  be  applied  lo  that  stdc. 

^K    Kegnrd  miint  aUw  be  had  to  tho  probability  of  error  in  the 

IwaringM  ;  hence,  when  a  sidu  of  cunHideruble  length  is  uligned 

tlimngh  a  tliichet',  or  over  very  uneven  ground,  and  where  often* 

times  tlie  obaervations  ore  made  to  top  of  rod.  if  it  is  found 

Itint  a  slight  change  in  the  bearing  will  dituiuifli  mnteriully  the 

«Tor,  the  change  nhonld  be  made. 
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The  {liuniR.1  viiriation  of  the  needle  is  not  anfVoquetitly  a 
source  of  error  in  coinpu&s  surrevs.  A  rnngG  of  IQ  minnteti  i* 
quite  cummon,  an*]  evtru  15  miiiut«^  bt  {K.'<.-Jutioii!LUy  uoted.  "niiB 
error  may  be  avoUled  hy  iiiensuiing  the  oMjktt  of  the  Imct.  or 
testiug  the  cotDpnas  every  two  or  tlirc4  boure  by  fiettiug  up  nud 
sighting  on  »ome  Hue  a»  stiuidarcl. 

Some  autboi's  iind  sun'eyoii.  aQirm  tb&t  when  the  hawing  of 
a  line  ia  lIuu  l'uhi  or  lUic  west,  the  error  iu  l»lituc)«  !»  uuUiing, 
aaU  tlierefore  »iich  a  line,  nerdu  no  coirection.  Likewifw  ii  due 
Dortb  nnd  60utli  lioo  haa  no  ct-ror  in  cl<>parlure.  The  writer  <loe» 
not  coni-'iir  in  tluti  yipw  :  for  th<>  errors  in  oompiuw  work  are  not 
oonflnocl  to  the  otiKiniikg.  uiid  in  tniUBit  gurroyiiig  thei'C  is  fro* 
queatly  conBid«raM«  error  iu  tbe  augltfH.  In  tim  aiipHcalion  of 
thv  fiile  liieAi-  fnctfl  are  aAHiinieiil ;  iii<]eed,  hs  soon  aa  »  corrcc- 
tiou,  luade  iu  tlio  iiuub)  nmanor,  i»  upplicd  to  any  bide,  a  cUangt 
of  besring  results,  for  the  corrected  Intitiidcs  and  dcparttirea  no 
longer  belong  to  tlic  uriginiil  benrlng,  btit  to  some  other,  niore- 
orer.  tht-re  is  uo  more  raamjii  for  HUpiiuHing  a  lint!  runs  do* 
nwth  beeaunr  it  ix  80  r(.-n(i  thnu  tiiat  a  lint!  runs  N.  ^"E.  or 
K.  8itI''K.  being  bo  read;  yet  no  aurveyor  would  licBJUlc  to 
Apply  the  rule  to  cither  of  these,  thus  asfliiming  thnt  an  error  in 
bearing  as  well  aa  in  nlininiiig  was  committed  :  nnd  tliitt  ts  Ibe 
correct  assutoption  on  wliieli.  without  exce|ittog  any  side,  the 
diBtribiilion  of  the  error,  except  a»  fullovrSt  should  be  itiudc. 

fS)  If)  however,  &  surrey  ih  mnde  with  a  transit  fn  good  ad- 
justment, (he  iiriglos,  either  Interior  (ir  dctteetion.  I'l'inpeareftillv 
observed,  and  the  teal  lie  re  in  lief  ore  uieiitioiied  when  up|dietl  gir- 
log  Che  Inference  that  the  uugles  were  accurntely  inenxured,  and  ■ 
Uk  enttr  of  closure  therefore  dun  to  erroneous  rhiiining,  then 
th«  coiTcctioU  wliieh  should  be  Applied  U  obtained  as  follows ; 

Add  up  tlie  eolutJitis  of  iallittttea,  and  aim  thfjrw  o/  deportnrva, 
and  sajf,  a»  the  aTUhmatical  fiMJn  of  all  the  \  j  '   ^  }  i»  fV^I 

any  particular  {  ,i,^„,^,^„  }.^o^,  ih,  ^m,r  ,n  {  ^,^^,^^  )■  to  lA« 
eprrtaum  to  6e  «/,>«erf  ,o  that  {  ™^^  J.  ■ 
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5)  If  greater  accuracy  is  retiuired  than  can  be  attaiDed  Ijy 
tbc  prvtiviliiig  iDfthiMlB,  each  side  sbotild  be  wi-ightcd  ;  that  is  to 
My,  the  Burvej^or  determines  tbc  rclatiro  difficulties  ia  meosiu-c- 
iDGllt  and  aUgumeut  or  ibe  homulanea.  coneidering  sutiie  oae 
side  the  atUKlaixl.  Cnlliti^  tIiL>  i-riur  piDbabty  tnude  in  Uiv  Hidu 
chosen  aa  standard  one  (1),  another  side,  wlilcli  in  llic  jiidg- 
mcDt  of  the  sur^-eyor  vriuf,  pvr  unit,  twice  aa  difHcult  to  measure* 
vould  lie  multiplied  by  2,  or,  as  it  is  termed,  bnve  a  vcii;bt  or 
X;  another  multiiilieil  by  3,  or  lA.  etc.  Then,  innlead  of  Ink- 
ing the  perimeter  for  the  divi»or,  as  wa«  dotw  in  the  first  coaa 
abovet  the  Hum  of  the  sidcK  thus  multiplied  or  weighted  is  nsed, 
oad  the  proportion  'i&  as  follows : 

I    ^  tA«  mint  of  the  multiplipd  dtMancea  Is  to  any  partiadar 
iRuitiplifd  di»taw«,  to  is  the  error  in  -{J!  \tothe  00JT*C(I0J» 

The  followiiig  illuslratcn  tlic  rocthotl  of  balancing  a  aurrey 
when  the  aides  are  wei^iited  : 


i 
\ 

8 

a 

i 

a 

i 

a 

3ia 

L^nrrnm*. 

vn>. 

■  1  ■ 

CotmecTtB 

DlOTtNI'Il. 

OoRKtcrm 

DlFllIIT'l. 

jr. 

a. 

A 

IT. 

1 

8 

v. 

s. 

S. 

r. 

jr.  r  w. 

lft.M 

I 

U.M 

tui 

■  la 

■  •  • 

tM 

X 

ItJS 

■  •  • 

a   fr  • 

3AI 

x.a'  E. 

UM 

i 

•».» 

31.77 

i&jca 

.  •  • 

s 

ai.u 

.  .  . 

13.  IS 

.  .  . 

S.TI'  B. 

U.0) 

i 

M.IKI 

.  .  . 

3.n 

O.'U 

.  •  , 

3 

8.U 

1).62 

a.  Ut^B. 

W.T« 

t 

W.«) 

.      . 

10,31 

&M 

> 

. . . 

U.U 

a.M 

' 

f).  lllf>  w. 

U.W 

i| 

I1.W 

UM 

ITS 

a 

lua 

J.TO 

8.  «>  W. 

11  .a 

1 

n.» 

e.3i 

ILU 

a 

... 

a.u 

11.XI 

iH.oa 

3T.M 

ST.08 

MIS 

3e.«t 

B7.tS 

S7.lt 

KM 

KM 

KFror  In  UUiadr,  IT  U(ik>-          M  llnltvi  ernir  Id  drparlure.              1 

*  WcigliU  coutd  be  ft)>plii'^l  to  ili«  vviTPCliwn  of  iliv  t'lmininK  in  the 
wcood  cftav.  by  untUipl^'ing  the  UUiudea  aad  ilirparturea  IzumkcI  of  the 


1«S 


rtAXK  SL'KVETUMk. 


EXAMPLES. 


Cofiact  ihe  blladu  iad  J>yra»i»  m  the  foUomag  lampiM 
tj  tbe  flm  nethod : 


I. 

». 

0>9.       KK- 

S2.45dMiBB; 

(1)  SaBlhB.43cll 

(I>  S.  89J'  K. 

67.10      " 

(2)  Em«    07.10 

(J)  N.      i'  W. 

23.fl5      " 

(S)  Naitfai3.6A 

(*)  s.  my  w. 

ec.30    " 

(4)  West  C«JH) 

(6)  8.  JIJ'  w. 

1.30      " 

(5)  S,  28*  W.  l^ 

EXERCISES. 


A  few  Mrreys  sboald  oow  be  made,  aod  Uie  nNtbodi  afeof* 
gJTCO  taployed  iA  baUoeiog. 


SECTION  vn. 

StTPPLTINO  OBOSSION8. 

2Q0.  When,  for  aoj  cause,  it  is  irniiracticaUc  to  obtain  the 
din.-ctiun  cjr  tbu  IcDgtb,  or  botli,  of  a  «id«  of  R  trftct  of  luidi 
tli«M!  inBj  be  obuined  by  cakiilntiou.  Even  the  lengtlu  or 
bDarings  o(twx)  tii(l«8  niav  la  getitritl  be  wipfjlieil.* 

The  dctcnnination,  boiverer,  of  these  sides  or  beariogs  it 
Imavd  u|K^u  tlic  luciuiureiacntti  uf  tbc  other  bouuding  Itoes  lUtd 
angtes;  but  u  thcH  aire  not  uBnully  prfci»elti  correct,  nod  sa 
tboro  ara  oo  fnciuis  of  tc«tJDi;  Uieiii  iu  ttioir  applicatfoci  to  the 
■oliitioii  of  |)n)blem!i  under  tlitn  head,  it  is  enrnestly  recofD* 
.mended  that  nfl  mcaimrevifnis,  if  possiblis  be  mode. 

There  arc  four  oases. 

*  If  the  two  omUted  ntln  >r«  pnralle)  and  eqiisl.  iheir  bearlngt  caaaai 
be  lapiilifil ;  or  if  Uii-y  arc-  parallel  and  of  equal  ot  uncqiuil  i*n|{tli(,  tiieir 
dliUDce*  cannot  l>c  caiupuled. 


I 

1 


aCPFLVIKG  OUUiSIOKS. 
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Case  I. 

210.  Oiven  the  bearinga  tinil  distanees  of  aU  tfie  sides  of  a 
trad  of  land  asixpl  the  beuritiij  ami  tUManc^  of  one  side,  to  delft- 
tMf*<  these. 

Find  the  latitudes  ami  dfpftrtiiroB  of  llu>  givoii  sido*.  Tba 
difference  of  the  tiortliiiigtt  niu]  ftoiilbin|TK  will  show  th«  Intihido 
of  the  line  omitted,  ami  tlie  differencG  of  the  eastings  aud  trest- 
tngs  ita  dcpartiirt-.     Tlicii 

Leu^th  of  line  =  Vlnt.'  +  dep.* 
Tttu  UQglo  of  bearing  of  lino  =  rr^^ 

lAt. 

Tlie  canlinal  itointii  belweeu  wliieli  the  line  ruu*  are  iudicat«<l 
bT  the  deficiency  in  the  latitude  aud  departure  ooluiuns> 


EXAMPLES. 


I         1.  Given  (1)  N.  :^U"  t:.    23.7S  chains; 

^^  (2)  S.  ttli"  E.    11.70      " 

^P  (8)  S.       V  E.    12.64      *' 

^^  (4)  s.  u}"  w.  u.m    " 

To  find  the  length  and  henrin^  of  a.  line  connecting  the  ex- 
tl'eiuily  of  tlie  [oiirDi  stdt*  nitb  Uie  first  curuur. 


Dttm. 

N. 

B.                 B. 

w. 

I 
S 

8 
4 

S.  MJ»  E. 
8.  81)°  E. 
S.  I"      E. 

8.  llj*  W. 

sa.7& 

11.70 

S1.01 

1  •  •  • 

1.7B 

UjU 

14.31 

9M 

UJBO 

sa 

3.80 

21. At 

s.m 

7JMN.    1S.74W. 

Length  of  Urn-  =  V(7.U2)'  +  <1K.74)'  =  20.01  chains. 


r 


Tbe  foregoing  case  may  be  en)]iluye{I  lo  ovei'oomc  (in  obstacle 


jit  II  liim,  118  Jv.V.  TIiuh,  Hun'eyiitg  hOf'S^, 
th«i'c  will  be  givniii  all  the  sities  exwpt  LA\ 
wliich  cnn  be  detfrniiiiec)  hh  nbove.  If  it 
u  iK'sii'cd  Ui  slniiKbUta  ao  old  road,  the 
length  ami  direction  of  the  new  road  amy 
Iw  cooipulvd  from  Uie  distimcen  and  deflec- 
tious.  or  bcariii^  of  the  old. 

^  For  example,  let  ABODE  be  a  crooked 

roftd  wliioh  it  U  desired  to  replace  by  n  atraight  on(>.  AE.    The 

beuriii^  and  distuuctw  bt'iiig  as  fuUowK,  thv  Icngtli 

and  Iwaring  of  AE  arc  required. 

jIB,  N.  12.70  cbninH; 

BC,  N.  20*  E.  13.25  " 
CD,  JJ.  35°  E.  12.75  " 
VE,TH.  10' W.  16.90      " 

Ans.   N.  9'41'E.  52.98  chabw. 

Example  2.  Given  ttic  follovrinjc  as  the  bearings 
and  dblann-a  of  a  roa<1,  it  in  deairpd  to  stmigtiteD,  to 
tlud  llio  )i,-ii;;Lb  aud  iK-nriug  of  the  ucw  road. 

*  In  practice,  the  rcauU  >]iduI<1  Ih-  rlivdteil  by  niakinK  a  pint  of  the  llrltl. 


SirPI'LTlNG  OMISSIONS. 
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(1)  N.  12°    W.  18.10  cliaiii8i 

li)  N.    8'     E.  lG.-2{)      " 

(S)  N.    21' W.  14.40      " 

(4)  ?;.  ■101°   K.  l&.QS      " 

(»)  N.  eOJ^W.  16.12      " 

EXAvPLi:  3.  In  last  fip«re  but  one.  BiipiwBc  LO  tionrs  N. 
W  2U'  W.,  distaaue  a.95  chaina.  Dollection  nt  U  fioin  OL 
30",  ftnd  «/»=  6.110  clmimi.  Deflec-tiou  at  P  (rom  OL  100%  nnd 
PiV=  5.40  cbfitDS.  U  \»  retjiiirt'd  to  find  tlie  U-ngth  und  liyjip- 
iogoriVZ/.  Ana.   BcAiiog  soutb.     Liengtii,  l2.ho  chains. 


Cass  II. 


F  211.    ^tw«  f  Je  hfarinpn  and  distnnces  of  all  the  aid^ii  of  a 

triKt  of  land,  excfpt  the  lUstuncts  of  two  sideo  not  parulleU  to 
dtlermvae  these. 

Hy  Arttcl«  IG8,  clutagc  nil  the  bearings  so  that  one  of  the 
tldeSt  wboAfi  dirucliou  uulj  is  kiiuwu,  sbull  bt-cuiiii:  u  iiicriiliiLi]. 
TiUluIutc  the  bktitudes  and  dt))arture8  cotTo»|>cjnding  to  tlte 
ehangod  position  or  the  i^ides.  Tlio  side  made  meridina  will 
have  HO  (Icpnrtiirc.  ftud  Uie  difference  of  Iho  OAMtiiig«  iiiul  wcst- 
ingt),  tberefore,  will  be  the  departure  of  the  other  unknown  side. 
Now  with  this  df|mrturc  iLiid  the  cUunffi-d  lifaritig  tbf  distinic-c 
ud  dilTtireQce  of  liititude  of  this  side  may  be  fi^iiud.  iiud  6b(HikL 
be  inserted  in  their  |>rop«r  ptitceti  ia  the  tuble.  Then  the  difTer- 
euce  between  the  nortliiiigs  iinrl  sotithiiigs  will  be  the  latitude, 
M  length  of  the  side  auuXv  a  incriditiQ.* 


■. 


212.    OlhtrteiM,    Jftke  dtjieient  title*  adjoin. 

If  aUoet  be  drawn  connecting  Ij  and  .V,  a  flgiire.  LXOPQ, 
will  l(c  ebnwD,  in  wliidi  u.lt  the  sides  aie  pivcn  except  LX: 
the  tMflring  and  diatnnfo  of  this  Bi<)e  mny.  thnrefore,  he  calcu- 
ktcJ  bv  tbe  i)rccfdiug  ciu»w.     This  lite  and  the  two  mde«.  LM 

*[l  li  iiuDiBicrliil  nliilhLT  or  not  llie  deflcifut  aiJi-ft  fttljuiii. 
t  Called  a  t^foaijay  fiac  tincv  It  claiws  ihc  tanvy  l-UPON. 


213.   If  tAe  a'c1«0  da  nof  ut^'ofn. 

Ill  Uie  figure  auppoeo  tbat  tbe  distftuoes  hM  and  PO  ore 
waiitiug.  Drnw  Ln  niid  tto  giarsllel  mid  (K|ual  Ti>6p«ctiv<>ly 
to  .ViV'  ftud  JVO.  Theu  by  joining  o/",  a  dosed  figure  will  be 
formpd,  n.11  ttie  hearings  aigd  diatances  of  which  ai'e  known 
cxcL'|)t  the  hc'iirin;!:  anJ  diBUinec  of  the  closing  line,  /^»,  nod 
tliese  lunv  b«  fouud  by  Cose  I.  Po  llius  dclcriuinud.  Uivrc  vrill 
be  IcDown  in  the  triangle  PoO  all  the  angles  and  one  aide,  to 
find  PO,  And  Oo,  irLlch  is  oqtinl  to  L2d. 


EXAMPLES. 

1.  Given  the  following;  beiirinfrs  and  distancee  of  the  sidee  of 
a  tmct  of  Iniid,  to  Qnd  thi^  loiigtii  of  the  3d  aod  6th  vides. 
(See  kitt  liguru.) 

(1)  N.    ffi°  W.    9.38cbaing; 

(2>  N.  C4J°  E.    8.25      " 

{3>  S.  33"     K.    Unknown; 

(i>  S.     2*    W.    4.40cliainfl; 

(5)  S.  *S°   W.    a.oo     " 

(fi)  N.  88°    W.    Unknown. 


BUFFLYING  OMISSIONS. 
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Bt*. 
notia. 

Bkabiksb. 

DiiTS. 

H, 

8. 

E. 

W. 

1 
2 
3 
4 
5 

N.  ei"  W. 

N. flfii"  E. 
S.  39°    E. 
S.    2°    W. 
S.  46'    W. 

9.38 
8.26 

4.46 
6.00 

9.32 
3.42 

4.46 
3.47 

7.61 

I. OS 

0.16 
8.60 

12.74 

7.92 

7.92 

7.51 
4.82 

4.82 

4.82                          2.00 

Tan  bearing  =  ^,  or  Po  bears  S.  29°  10'  W. 
4.82 

Length  of  Po  =  V(4.82)*+(2.69)=  =  5.52. 

Angle  P  therefore  =  68°  10'. 
Angle  0        "        =  49°. 
Angle  o        "        =  G-i"  50'. 

sin.  49=  Ar.  co.  =  0.122220 

:eUi.  62°  50'  =9.949235 

::         5.52  =0.741939 

:  PO  (3d  aide)  =  6.61  =  0.813394 


sin.  49° 
I  sin.  68°  10' 

5.52 
Oo=LM(&ai  Bide)  =6.79 


Ar.  CO.  =0.122220 
=  9.967674 
=  0.741939 


0.831833 


Example  2.   Given  the  following  data  to  supply  the  omissions. 

(1)  N.    8J°  E.    9.80  chains; 

(2)  N.  SlJ'  E.    Unknown ; 

(3)  S.  70°     E. 

(4)  S.     5^°  W.    17.70  chains  ; 

(5)N.  87°    W.    18.75chain8,tothebeginmng. 


PLAKK  SUEl^YING, 


KxAUPLE  8.  In  the  laat  exampit!  inBerl  the  distauces  found, 
and  nippose  the  dtut  hiuI  ruuriti  siiles  are  w&Dtiug ;  dcteruiiot 
these  by  either  or  both  methods. 

Cask  III. 

23A.  Given  the  bearitijjx  awd  distance  o/  aB  the  side-t  of  a 
trttd  of  \an\i,  txcejit  the  bearimja  of  two  aiden,  to  determine  thaie. 
TiiVniltiti.'  the  IrttiUidt-ft  and  df|»ftrtiiri;8  uf  the  sidi-B  completely 
given  ;  obtain  tliu  difference  ot"  the  northiiige  and  scmthing?',  and 
or  the  enfltingK  and  westings.  These  dillcreuces  wiU  be  Vit 
Intittide  and  deimrtura  of  a  chttinrj  line. 

The  beiiriiig  imd  (]i»t»nL-L-  of  tbf  cloHing  line  may  hence  be 
compiitpd;  then  in  tlie  triangle  formed  by  this  liue  and  the  two 
»idi.'»  trhoHp  distiincM  nrc  Riven,  dott-i-mino  the  angles;  and 
ttience.  with  n  prnper  a|t|)lieatinn  of  tlifm  to  tite  bearing  of  the 
closing  line,  thu  nuntiug  bt>:LriiigH  may  b«  found. 

In  tlie  figure  let  PQOSML  represent  a  tract  of  laud  in  whiili 
all  the  bearinge  and  dlstanri'o  are 
known  except  the  beariugs  of  QO 
an<i  -V.W. 

IJniwing  71^*  parallel  and  equal  to 
Qii,  and  joining  V  oiid  nM,  a 
cluevd  dgure.  PQnMLl',  trill  bo 
formed,  in  wlii^^h  the  hearing  and 
diHUiHce  of  7I.V,  the  L-losing  line, 
iijsy  be  «aluuluted  by  Case  I.  T'heii 
in  the  triangle  MrN^  having  nil  tbe 
Bid«B,  t^e  angles  are  rendily  found,  and  by  proper  applica- 
ttOD  of  these  witii  liiij  IwHrtug  of  J/ft  iJie  bearings  of  ^.V,  and 
ny  =  QO  may  be  obtained. 


NoTK.  —  If  llic-  aiik'H  wlmtr  Iiunrinit*  itrc  required  kdjoin,  the  niaionlnf 
Is  PTiilenl.  If  thvy  do  not  adjoin,  a  iranipoiitlunof  •nmeot  thf  niili'i  niAf 
lie  iiindL-,  ni  in  thv  preei-diti);  cah-,  without  clianftiiig  ihv  din't-tion  or  Icnf^h 
of  Hiiy  uf  ilicia,  making  the  uiikiiowii  nidi-g  atljoin.  and  niili  ihc  cloritif 
Ijiii'  form  (he  trijitiiilf  n-fcfn-d  In  in  llio  lut  |inmiiraph.  The  rule  1^ 
Ihervforc,  applioablc  in  either. 


StTPPLTISO  OMI8SIOH8. 


EXAMPLES. 
1.   Given  the  Tollowin^  data  of  a  sarvev,  to  supply  the  omis^ 
■ions.     Referring  to  tlii?  last  figure  : 

IUie  bearing  of  PQ,  N.    r  E. 
"  QO, 
"  "  o.v.  s.  zaj"  E. 

'•  "   ML,  X.  ST  W. 

••  ••   LP,  N.  43=  W. 


dist.  4.57  chaiDS. 
"  e.25 
"  5.50 
"  4.98 
"  2.97 
•'     3.a3 


LtMH. 

BsABiaa*. 

Di«r«. 

S.         1         B. 

u. 

w. 

p 

Q 
0 
.V 
Jf 

oy 

A-Jtf 

ML 

LP 

S.8«     K. 

asspK. 
N.sr  w. 

4.67 

4^ 
2.07 

4.66 

U.16 

6.0& 

0J4 

2.19 

a.fl7 

8.38 

7.H 
6.1)6 

&W 

S.4S 

Uelltlency.    2.00S.                Drficiency.  2,83  8, 

T»n  of  Iiearing  of  n  .V  =  — — ,  antl  bearing  =  S.  53'  28'  E. 


2.*2 


2.0fl 


DiBt.  «Jtf=  V(2.09)'  +  C4.82)*  =  S.5t. 

To  &ad  the  angle  of  ».V^: 

log  4.33     Ar.  co.  =  d.SfiSSlS 

logS.51           "     =  y.-13i631J 

log  7.04S               =  0,«47881 

log    .796                =  1  ■3(>niSfl7 

2)19..^6GI53 
log  cosine  \  nMS  =       il.783226 

and  K  =    sa*  37' 
2^ 
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rUUnS  BtTBTKriNO. 


Now,  »inoe  Wn  Uxta  N.  53"  28'  W.,  and  the  angle  nMN 
=  IDS"  14*.  ibf  litiL-  MN  \»  in  the  northeast  quadrant,  and 
makes  an  aiiglu  wiLii  the  iiit:rulLau  =  105°  14'  —  63°  SS'  =  51"  4C'. 
or  its  benring  is  N.  51°  46'  E. ;  and  hence,  rcadiag  in  U)«  order 
tbe  mcasiiremeDteffcre  made,t)i«  bearing  of  iOf=  S.  5I°46'\V, 

To  fiod  the  ungle  niVJ/,  antl  tbcncc  the  bearing  of  QO  i 

6.25  At.  CO.  =y.204iaO 

iS.-ll  =0.5*5307 

::sin  105°  14'  =9.9S4I6« 


:  8lii  32°  48'  (<  nXM)  =  J.7S3893 

Bcariiis  of  XV  =  S.  fil"  4fi'  W. 

<  »uV.l/  32"  4»'  on  west  side,  add       S3'  48' 


Bearing  of  JVh  =:  OQ 
or  twaring  of  QO 


=  S.  84'3J'  W., 
=  N.  W  34'  E. 


2.   Su()pl;  tLe  omissions  from  the  folloiring  data: 


(1)  N.  34"    \V. 

(2)  S.  lli""  W. 
(S)  S.  60'  E. 
(4) 

(fi) 

(C)  N.  28*     E. 


13.00  clia 
12.90 

8.20 

2.56 

e.no 

9.95 


08 ; 


Case  IV. 

Zlfi.    Oivtm  tfte  bearing*  and  distances  of  all  the  riden  of  a 

trad  of  !amt  ^jicept  fc'o,  one  of  tr/ii'cft  has  only  itit  ttearing  giwi^t 
atuL  the  other  the  tlifitanre,  to  git]7}iltf  the  omisxinns. 

Make  a  mcridiau  the  sitU*  wliusir  beurlug  only  la  given.  Tab- 
ulate tb«  lutitiides  and  deimrtui'es  corresjionding  to  the  changed 
poeitioD  of  the  siirvoy*  The  side  made  meridian  wilt  have  no 
departire,  mid  th^^  difference  of  the  eastings  and  westings, 
therefore,  will  bo  tho  departure  of  the  side  whoso  bearing  i* 
unknown.     With   the  given   distance  and   Ibis  departure  tb« 
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cbingcd  twnrin^  and  difforcuce  of  l&titiide  of  this  eidc  a&y  be 
found,  ftnd  should  lie  iuHerti^d  in  tlieir  proper  |>lnce!)  iii  Iho 
Iflblf.  Tlion  ihc  ditTcrenc«  of  the  iiorthiiigH  and  mmUiiugs  will 
be  llie  latitude,  or  leugtb,  of  tbc  side  miulu  a  tucridiaa. 

ZL6.    OthvrwiK.     Wfieu  the.  ilrficieni  aides  adjoin. 

Let  the  besriug  of  My  uud  Uil>  distance  LM  bu  wanting. 

Calculate    bv  Case  1.    llie   direction  j> 

aad  longtii  of   the  clixiiiig  liiii!   LS. 

A  triangle,  /,.V.V.  may  then  he  foinifrd 

ID  which  will  In.'  given  the  leitgtIiB  of  Q| 

LS  and  uVy,  ami  tha  aiigle  NLM. 

The  distance. /'^V  and  ibe  angle    iV 

mav  therefore  l)c  computed,  and  the 

angle  2T  thns  Found  piTtpprlv  applied 

to  the  bearing  of  the  closing  line  will       \ ,/.. 

giTe  the  bearing  of  3fJV. 

217-    Wh«D  the  dp/eient  sides  do  unt  niijnin. 

Rcfetring  to  the  Haine  llgiirp  a.t  Wforc,  BU[)]iose  the  bearing 
of  LM  and  the  distauoe  OF  wauting.  'IVftuspose  the  sidei 
as  thore  shown,  and  <^1cnlntc,  :t.s  in  Voup.  t..  the  direction  and 
\Kaf\\\  of  the  dosing  line  I'o.  Then,  aa  in  the  preceding;  jirtiTle, 
tberc  will  be  given  u  triiitiKlo,  <JPo,  in  ivhicb  are  known  Iwo 
8id«i  i'o  and  (}o.  and  the  aiigl*  7',  wheiK-o  the  bearing  of  OOy 
or  LM,  and  the  dlstiuico  I'O,  m&s  '^  determined. 

EXAMPLES. 

,1.     GJTCQ  the  followini^  uoU'h.  Ui  w^\M  the  omisiiiotiB. 

QP.  N.  Ut"     E.     13.7]  chains: 

PO.  8.  ft«J°  E.     lfi.76      " 

OJV.  S.   IBi'  E.     IR.50      " 

NU.  S.  W.     13.00      " 

ML.  N.  AO'    W.  J 

LQ.  N.  .'Irt'    "\V.     in.OOrhaina. 


or  bearing  of  Nt>  S  75°  09'  W. 


Length  of  A'i,  ==  v'{5.2«)»+(iy.92)'=  20.61, 
BDd  angle  MLN  =  24"  51'. 

To  find  angle  LMS : 

13.00     {NM)  Ar.  co.  =  8.8fl60S7 

Bin.  sr  Al'  (<J^)  =  9.G23502 

20.61     {LN}  =1.31-1078 

Bin.  41"  47'  =  9.82i(C37 

Angk  LitN=  ISO"  -  41"  47'=  138'  IS'  («e«  not«). 
Angle  iitfA'^  180"-  (IftS"  LV+Si"  51')  =  10'' 5(5'. 


NoTK.  —  WhpTi  ilip  (Mo  .W.V,  whoip  Icnglh  anly  i»  givt-n,  j«  longer  ibiin 
the  dueiiiK  liiw  Ly,  itii-  anglL-  .U  iniul  bu  auuU.';  if  eliurU'fi  itii;  adkU-  i/ 
mil}''  bi>  acutp  or  ol>tii«<>,  Ovpomlliii;  iijinn  Hie  length  of  tlie  side  L  .V,  the 
bearing  of  which  onljr  it  known.  Hi^nci^,  whc-ii  Ihis  last  KUti»n  ol>tiiiD*i  U. 
It  ncccMAiy,  In  the  ri)iplication  »f  thiitMi?,  i«  rctiinvwanibieuit/,  thai  enoii|M 
IwVnown  cnn.c<>m{nK  the  k'ngih  of  ihi>  %\Av,  wIimp  Itoariti);  nnlj*  U  fn^MU 
to  iudii/alc  wlii'lher  lliu  uucli'  .Via  kr-ilUt  rir  U-ta  ihun  ii  rijiht  aniclr.  I 

In  ihr  oxamplc,  l.^f  i»  known  to  lii^  ■hnrier  ihan  .V.lf,  and  henoe  aii(r1» 
.If  !•  obtuse.  Tho  ambiguity'  la  not  removed  by  employing  ttie  ihAUumI 
girpD  In  Arlidi;  :^16. 
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Tbe  bearing  of  XV.  S.  75°  09'  W-16»  56'aS.  68'  13'  W. 

To  find  lh«  lenglb  of  LMi 

sin.  S-t"  51'  Aj.  CO.  =  0.376198 

:f)ia.  16°  .^6'  =  9. -104279 

::         13.00  =  1.113948 

;  9.01  (L.V)  =  0.954720 

The  BtadcDt  may  verity  hy  the  method  in  Article  215. 

ExAMPLS.  An  Hn  exeTci»e,  from  »ay  of  tbe  preceding^ 
^problvins  strike  out  Ttom  two  sUl's  that  do  not  nd]oia  the  bcnr- 
thg  c^oae  and  lite  distaoce  of  another,  aud  compuW  tttcoi. 


r 


h 


SECTION  vin. 

PLOTTINO   A    COMPASS   OB  TKANSIT    SUBVCT. 

218-  In  addition  to  the  drnwinf^-irLHtninicnts  explained  in 
chain  aurveying,  tli«  druugiiUumn  will  now  find  v«ry  convenient 
oil  iustninimit  for  meiMttritiu:  angles,  or, 

A  Protractor.  It  is  luude  of  metal*  or  paper,  usually  iu  tlie 
form  of  a  scmi-circlc.  the  .ire  of  which  in  divided  into  ISO  equal 

Its,  or  defn^eH.  subdi\*ided  urn)  iiiinibered  Imth  wnys. 

To  drn«r  u  line  niaking  »  );ivt>ii  auglu  witli  Hnotliifr  at  a  certain 
poiDt<  Bring  the  diatuetcr  of  the  protrnutor  to  eoiuclde  with 
tbe  given  line,  ite  ccutce  nitli  tb<!  point,  and  tlie  ai'cb  lying  in 
tbe  dir««tk>n  of  the  deaiivd  line ;  tlien  with  a  Hlitirp  pencil  or  fine 
needle  prick  oflT  the  required  uimiber  of  degroea ;  joining  the 
|X>int  thus  Gxvd  and  thi*  (flvin  {lottit  cooipU-t^s  llie  problem. 

Some  phiin  Rcale»  n.re  grailuiitcd  to  degrees  on  three  edges  flO 


*  For  oorrc  Hccuntc  norlc  lliorc  i«  attachctl  a  raovalitc  %rm  or  ruler, 
extemlinit  (wjond  the  clrcumfcrcnee  and  canyin^  n  vernier. 

IS-incb  protrnelon, —  crim)>1cl«  rircti', —  made  a1  hravy  paper,  on  which 
arc  pdnt«d  tho  <lif  biun*  to  quaritT-OrvTce*.  arc  quite  reliable. 


With  a  Protractor.  First  ^fe(hod.  Ropresent  the  meridUn 
by  tlrawiog  on  the  paper  a  line  su  situated  thnt  tbvrc  nitl  be 
Biiin(>ic>nt  room  on  oitticr  or  both  side*  of  it,  (is  the  case  may  be, 
tu  oompluto  tlie  drawiiiE;,  Fix  upon  n  point  in  this  line  to 
ImliciLto  n  corner  of  thv  trad.  iinunlLy  ■■  the  place  of  beginning." 
In  this  particular  pxnniple  the  llrst  porner  is  the  easterly  Ixjiin- 
dary,  nnd  iu>  it  nius  nnithcrly.  wc  vitl  draw  our  meridian  ntnr 
the  lower  right-hnnd  aiclp  of  the  pfip^r,  na  n.t  A.  Prick  off  the 
angle  111"  lYom  the  north  yiid  of  the  |irotractor-nrcli  to  the 
right,  nnti  drairthe  line  IS. 19  chains  [AB)  to  aoY  convenient 
aralc.  Bay  3  dmiiiH  to  an  inch,  or  f!.G  inrhes.  Faas  aaothcr 
meridinu  ^''^S"  through  B;  ami  einoc  the  bearing  is  aoiitli- 
-weeterty.  we  prick  off  the  degrees.  87  from  the  sonth  point,  and 
draw  tbe  line  8.A0  {BC)  to  the  hutdd  nvaXv.    In  a  flimihir  man- 


h 


220.  Another  iletfind.  By  laying  oft  the  Angles  from  one 
[point,  or  flrotn  one  position  of  a  protractor  having  n.  (;(>iti].>1o1« 

iHrelc.     With  thp  protrnctor  nt  any  oonrenieat  point,  J',  iu  the 

j meridian  yS.  prick  uff  the  degreen  shown    by   the  beariugg, 

^^^D(]  indtcaM  each,  uiitl  the  Hide  to  which  it  belongs,  a:^  per 
^Hllgure.  Tlien,  hy  inatriimentH  nned  for  di'nwing  punillcl  lince, 
^Htnn&fer  tJiem  to  tboir  proper  plHC?s.  snd  mnlic  lite  longlhti  «<>r- 
^HrespoiMl  to  the  ftcnle  ndo))t<>d.  TIk>  point  f,  from  which  ull  the 
^B  ingles  were  set  ofl.  may  or  may  not  h«  one  of  the  com^ra  uf 
'       the  field.     Tlie  fgtire  sliowa  tliat  it  huvch  cue  truoBfer  if  so 

Uken. 
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PLASB  SUftVEYING. 


EXAMPLES. 

1.  Plot  a  trlAQgle,  giren  iwo  sidcB  and  tlio  inclutled 
angle. 

■i.  Gireu  two  auglea  and  the  iacluded  side,  to  plot  the 
tri&uglc. 

3.  Given  tbreo  sides  aaci  two  included  ntiglea,  to  |ilot  a 
trapexium. 

(ji'KRT.  Can  A  trapezium  be  plotted  when  ttiurc  are  gircn  all 
tiiv  mdcs  and  nnu  angle? 

221.  fiy  Latitudes  and  DepartursB.  The  eurrcy  being  6a/- 
aneed,  tbis  it  tin:*  most  ix-i-itratc  method,  nnd  is  cquallv  appli- 
cable lo  fl  <.*<)tiip!iwii  or  IrnriHil  snrvey. 

Taking  tho  record  of  tbe  survey  in  Article  208,  and,  using 
Hm  corrected  latitudes  and  departures,  let  iia  make  a  plot 
Of  it. 

Ilrav  througli  th«  first  sta- 
tion* {M)  a  meridian,  and  find, 
by  algflbniiu  nddllioiiH,  from  tbs 
columns  of  con-crtfld  latitades 
and  dL'paiturvs.  tbe  dietaoce 
eaoli  corner  is  north  or  tututb 
(mm  thiH  ^tuttuii,  ctUled  total 
lulitude,  ami  eiwt  or  west  ttoia 
ttie  meridian  culled  total  depar- 
turv.  Tlicse  distances  may  b« 
asci'rtaiued  nientnlly  as  we  pro- 
ceed nitli  tbe  drawing,  bat  to 
avoid  error  it  is  best  to  tabulata 
tbfiii.  using  tiiree  oolumna,  «• 
follows  :  +  indicates  distaooe 
norlli  or  east,  and  — ,  soutb  or 
west,  from  the  references. 


\ 


'  Aay  »Uli«n  will  miiwct,  but  Ihe  ono  tifrough  which  (li<r  Di«rwUM>  is 
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TOT»L  LillTtTlli 

ToTkL  DErAiinrRi* 

ffT4TI(ras. 

rnoa 

mox 

t^HTIUll  Jf. 

MSKUIUB  A'S. 

1 

0 

0 

•> 

-12.27 

-1-  4^ 

s 

-  3,21 

+  UM 

4 

+  oao 

+  11.5S 

A 

+   3M 

-f    B.2S 

0 

+    1.V7 

+    6.25 

1 

0 

0 

Thp  total  latitinle  of  the  lust  station  w  tlie  lHtiUul«  of  tlie  lust 
liiic-  vrilli  iu  sign  ulmiiKciU  Tbc  khdic  ia  tnii;  rc^aidtug  the 
total  departure  of  lost  slat'iou.  A  clicck  is  thus  bud  uii  tbc 
work. 

From  M  lay  off  uD  the  lueridian  ncg&tivcly,  or  to  tho  soiitb, 
12.27  chains  acconJiug  to  the  scale  adoiited,  to  A;  from  A  set 
oS  perpcndicukrly  U>  the  tmi,  with  tlic  entiic  scale,  4.(i8  clmins, 
U)  0:  ooDDCct  M  uiid  O,  Dliowing  tliu  0rHt  liuv.  Set  off  fmni 
3f.  again  to  the  ooutb,  3.21  chftit)B,to  Bi  tbcnoc  perpeadica- 
larlv  to  the  right,  or  east,  14. Ci^  chains,  to  P. 

01'  represents  the  second  line  of  the  survey.  Next  lay  off 
30  links  to  the  north  from  .V,  theucc  11.58  chains  to  clie  t?iutt| 
and  join  PQ  for  the  third  line,  and  ao  on,  the  last  line,  SM^ 
nH]uiring  n  distance  Injd  off  on  the  tnoridinn  north  =  1 .97  ;  and 
a  perpendieutar  tliereto.^  G.2.'>  pnnt.  when  diann  clo»es  the  sur- 
ttj.  thus  prOTinft  th*  cum-ttiicas  of  the  work. 

A  variatioD  of  tlic  method  Jitst  given  is  to  draw  two  lines,  one 
Te)>ree«nting  the  tneridiuu,  the  other  an  east  and  west  line.  On 
dw  first  lay  off,  an  before,  the  Intitudpst  of  the  sides,  and  on 
the  second  the  corresponding  departures:  then,  by  meaos  of 
dividers,  obtain  the  inlvrvectJan  of  co-ordinates,  and  Joining 
Uiese  points  sbows  the  plot. 

For  plots  of  ordinary  farm  surveys  the  method  given  above, 
being  equally  sccnrnte  and  more  expeditious,  i»  recommended; 


^^^IS^^^ 

1 

PLANE 

sritvEriNG. 

m 

^m               lor  piocs  or  eximoraiaar^  &tz«,  exieuaing  orcr  &  inrRC  arawiag- 
^M                board  or  made  on  a  large  table,  the  variatiott  uoted  sboald  be  J 
^B              sdopujd.                                                                                     1 

^B                    '^22.  TTiinp  Crou*SectioD  Paper*  and  tli«  Intitudes  nud  de-  " 
^H                parturcs.  n  tulerablv  accurate  plot  may  be  made  vrith   great 
^H               facility.    Tb£  vortical  aud  borizoDtol  liues  of  the  paper  may 
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teprescnt  respectively  meridians,  and  east  and  west  lines.     As* 
1                        flUine  any  convenieDl  point  0  as  tlie  bcgianing  of  the  aurvey, 
1                        and  ftuppose  tb«  lutJludL-  of  the  fli-st  line  ==  4.00  elmins   N..  tho 
departure  =  6.00  chaios  K.     Couut   from   0  Dorthwai'd  foar 
spaces,  theuco  eastward  six  spaces^  to  F;  )oi»  OP,  tliuH  (leline- 
atiiig  the  flret  side.     Suppose  the  latitude  aud  departure  of  the 

*  Noi^booht  m»y   be  procured    hiving  Hie  alTvniaiF  jiagM  rulwl  la 
[                          nDslI  nquianMi.  lihp  crou-wvtion  paper. 

ISH 


FLAKE  SUIIVETIKG. 


EXAMPLES. 

1.  Twosidesof  II  triangk  m^uBiiro  TAC  feet  and  10:14  fe«t, 
zad  their  included  angle  4^^  4.')';  determine  the  Area  in  acres. 

2.  Two  angles  of  a  triangle  are  59°  2y'  ajid  65°  18'.  and  their 
iiic1ud*;d  eide  932  feet.    How  many  acres  does  ft  contain?    Plot. 

!!.   Tn-o  Bides  of  a  triaugte  meiisure  lii.S-t  etiaiiiB  and   13.18 
'Chains,  and  the  augte  opposite  the  first  M'  25'.     Ftud  the  area. 

4.    Two  adjacent  Bidcn  of  a  pnrnll«lnjri'&in  are  Kj6  feet  and 
1252  feet,  and  Iholr  iucliided  augle  75°  48*.     Compute  the  area- 


TOAPEZOIOS. 

226  Meafiure  threo  sides,  eay  PM.  MX,  and  YO,  and  one 
of  the  included  angles,  aa  .V.  From 
the  data  thus  obtainei)  compute  the  al- 
tittide.  OL  =  PK,  aDd  tlw  parallel  aide, 
rO.    Then 


3f     K 


L   S 


A  = 


MN  +  PO 


XPK. 


(>r,  inntpad  of  mensiiririg  the  inclined  Rides,  if  it  ia  oqill 
convenient  m(.-aHuri-  the  parallel  sides,  and  udc  of  the  otfall' 
aides  and  an  augle  an  l)efore  :  then 


TiiAPEzniws. 

237.  Measure  all  the  aidee  and  one  angle.  With  the  data 
ealculate  llic  length  of  a  diagon.-il  dividing  the  craet  into  two 
triangleH,  in  one  of  whieh  two  sides  and  tlie  included  angle  will 
be  given,  and  in  thi;  other  three  aides,  whenoo  tlie  area  ma;  be 
fniuid. 


DETERMIN'INR  AHEA8. 


IBS 


228.  Or.  measure  t1ir«(!  Biden.  l*M,  MX,  nod  OX.  and  tbe 
included  ftiiglea  ^V  aud  PMX.      Drsivr  ft_ 
^O,  calculate  tlie  area  of  llie  triangle 
'.VO,  tbo  dingouftl  MO,  and  tLc  nngle 
O.WA'      Hubtrnct    r>,»n'  from     P.U.V: 

tben,  having  two  sides  and  Ihe  inciuded       

igle  in  llie  triangle  I'MO,  Ha  an-ii  niay     *  ^ 

computed,  wbich  added  to  the  area  of  3I\0  givea  the  re* 
^OlRcl  content- 


i^ 


Wt 


229l   Othrrmse.  Measure  two  opponite  sides,  a*  Oi  and  ify. 
I  tbr«c  auglea.  aft  0,  />.  and  JA    0 


Conceive  the  aidea  OX  and  LM  to 
be  prolonged  to  rnvrt  in  some  jicint. 
From   tiie    data   caleulate    the 
aa    of    t]i«    trian};Ipt(     POL    and   L 
PMX.    Tile  dilTerence  will  give  the  area  sought.* 


Jf 


-.■--••/» 
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EXAMPLES. 

I.   Given  in  a  trnpczoid  (e**  fSgiirc,  Article  226}  /*Jf  =  33 
^RkIs.  J/A'=  6Ji  rods,  ,V0  =  30  rods,  and  the  angle   .V=  TO" ;  to 
I  the  area,  and  make  a  plot. 
S.   Given  in  a  trni>«ziinn   I'AfXO    (Bee  Bgnrp,  Article  228) 
|PJ/=7  chains,  jVJi*=  7,50  chains,  XO=G  cliiiiuH,  the  angle 
r^iao",  and  M^  108";  to  find  the  urea,  and  make  a  plot. 
3.    Given  in  a  trappziiun   L.VXO  (see  lost  flgiiro)  LO^S 
chains.  MX=  5  cliaitw.  and  the  angles  L,  M,  and  .V  respectively 
87*.  7U*,  and  H0°;  to  find  tlie  area,  aud  uiuke  a  piut. 

{.    Given  in  a  trajK-^innn  tlic  angle  M  a  right  angU^  the  sides 
MX.  XO.  OP,  and  PM  ri'spt-ctivcly  ;!0.  IS.  IfO.  and  15  roda  i 
al«o  a  ])erpeadicular  to  MX  from  X  extfiuding  to  P0=  10 
nn\»:  t'>  find  the  area. 
<^Rr.  Conld  the  aica  be  found  witliout  NO? 

*  If  prsfiticnblc,  obwrw  lil  the  hhbImi  snd  theruby  4i1i)taia  a  cheek  on 
Hiv  mipuuremmu. 


230:  To  And  the  area  of  aa  [116^:01^  pcntagooal  field 
LMSOl\  wUflii  nil  tlifl  poruftrB  c»d  lie  seen  from  ooe  curnu, 
luf  0,  Muatturo  tlie  sides  ON,  01',  tliu  diugootU 
OL,  OM,  and  the  tlrec  angles  at  O.  Tbeu  two 
nidDS  and  the  iikiIihIix]  angle  of  each  triangle 
thus  formed  will  be  given,  wbenoo  their  arou 
Hiuy  lie  (•alciilated  and,  \iy  additiun,  tlie  area  of 
tlie  reqiiii'cd  polygon  may  be  obtaioed.  In  lika 
nianiif^r,  ii  survey  of  any  iiinall  irregular  polygonal 
lot.  ill  which  nil  Uit-  uorticin  are  visible  from  one 
forner,  may  be  effected.  If  there  are  n  eideflt 
iiieagurc  from  oiie>  L-urucr  two  »id^t)  and  7t  —3  tllagooals,  obaerr- 
ing  from  the  same  (loint  the  n.  —  2  angles  which  are  fornipd  by 
thcan  di:^onulH  and  the  two  aides.  Then,  as  above,  tlie  tj'act  will 
be  divided  iiitofi— 2  triai)gle»,  tliv  area  of  each  way  be  calculated, 
and  the  Bum  of  these  areas  takcm  for  Ihi'  area  of  the  polygon. 

331.  Or,  mcaenrc  from  some  point  within  or  without  the 
field  radial  lines  to  nil  the  corners,  and  observe  at  the  sao»e 
[lOiul  the  angle  which  tht'se  liut-'B  ijiaku  with  each  otlitr. 

There  will  thug  be  given  two  aides  and  the  included  angle  «f 
a  seriofl  of  triangles,  whence  the  bounding  lines  and  area  may 
be  coinpulfd. 

232.  OtherwiK.  Pleasure  a  ha*e  line  within  or  without  llic 
tract,  or  U8c  a  jmrtion  or  all  of  one  side  as  a  baae  line,  and 

ohuerve  from  each  extremity  of  this 
Ijue  the  an^lex  formed  by  it  and  a 
risiial  line  through  each  comer  of 
the  tract.  There  will  tlius  be  known 
two  augleii  and  the  incldded  side  of 
a  evrieii  of  triaiigleH,  w  lie  nee  the 
)iOinuliii<;  lines  and  area  may  be 
calculated. 
Tbc  ni«rgitinl  figure  repn-acnis  the 
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ci^ae  where  Uie  base  lint'  BL  ia  tKkcu  o(tt«iiie  tli«  tract.     It  will 
he  noticed  that  it  is  poesible  by  tliis  method  to  survey  a  fnrm 


m 


Ut  entering  u[)oi]  it. 
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The  methods  giveu  in  the  last  tlirce  Articles  are,  boweTer, 
quiW  liinilcil  in  their  n]ii)linUiot>,  •iince  it  mroly  liu|>pi>ai*  iu  » 
bmct  of  conHidernhte  tnagnitntle  tiint  nil  the  comcre  ara  mihie 
from  may  oae  comcT,  or  from  uiiy  point  witliin  or  wiLliout  tUe 
field. 

The  foUowiug  method  of  determining  the  area  by  mefttit  of 
iHtltudeit  nnd  (It'pnrluicH  ix  ii]i|tli(;!ihIo  to  till  right-lined  llgiirtiB, 
sod  in  the  tnuHt  generul  aad  iicrurnte. 

Let  POLM  ruprL'seiit  u  tract  uf  littui,  thv  urou  of  wliluli  is 
itesirM.    iUiiftureall  iheeidettaiul  nugtoa,  interior  or  deflection, 
wtUi  ft  sin|;le  bcnring,  if  t)ic  trnnKit 
Ih  Dsecl.  or  talie  nil  Uie  bearings  H'illi 

comjMiss.  DihtribuLi!  tlie  an):tilar 
r,  if  any  mudu  liy  traiiHil  («i-c 
note,  Article  iiOT).  Obtniii  tin-  lati- 
tudes ttud  d^urtures,  utid  baliuicio 
Ihc  survey. 

\iei  XS  represent  a  n)cvit1i»n  pans- 
ing  thmtigb  p.,  tha  ni(j*t  westerly 
station  of  the  tmet,  and  lib.  Cc,  and 
&f  meridian  distunevit.  New,  if 
IRTiJL-iHlifuliirs  bo  drii|)fK'd  fiimi  ilie 
aogles  0-,  h,  and  M  to  the  nit'ridiant 

will  readily  ap|)uar  that  tiio  uvcsn  of 

OLMP=  area  uOI.Miiut  niinrn*  the 
snin  of  the  areiu  of  the  irianjilpj*  I'oO 
and    PmM.  or    POLMI'  =  tnipe- 

ids  ((htU  +  UmM)  -  tiiiuiglL-9 
+  Pnvm 


=  Ce  X  0Q+  Dd  X  T.R  ~  m  X  Po~Eex  Pm. 
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Tbe  computation,  tlien,  involves  tU«  latitudes  luid  depart- 
ures, aod  luLTidian  dittlMiceti;  tli>(>  furnivr  huvtug  been  already 
exi>lained.  w«  nhall  now  indicate  tiow  tht^  hilti^r  way  bv  obtaioed. 
or  rallier  how  the  double  mpridinn  dUtiuice^  are  fotiod,  sloce  in 
order  to  lessen  fructiuos  the  double  lengths  are  used. 

The  double  meHdian  diHtancw,  or  D.M.D.,  of  the  side 

PO  =iBb=  Oe,  it«  dvpurlure. 
The  D.M.D.  of  <Ji  =  2Cc  =  Oo  +  12=  Oo  +  <»-\-qL 

The  1>.M.U.  of  LM  =  2  IM=  2 Cc  +  (iL- MR. 

The  I). M.I),  of  MP=iEe  =  'ilMl-.VR-Mm 
s=  Jfm  =  its  departure. 

It  is  evideot  th&t,  in  a.  coirespoDdiug:  mauutr,  tlie  double 
meridinn  distances  of  the  Imundm^  lin^s  of  a  Tract  may  he 
found,  iio  iiintt4>r  what  tliL-  niiiubor  of  sidfs  or  inngnitiido  of  thv 
nngles.  Itence.  tousidering  east  deiiartiires  pliw  (  +  ),  and 
Vfi-^Bl  departures  minus  (  — ).  tUe  above  deductious  mEjr  be 
expressed  io 


A  Gb^ibsal  Rdlb  for  OuTAisryo  Double  Mbridiah 

DlHTAKCKS. 

The  clouttle  meriftian  diatance  o/  the  Jir9t  side  ia  equal  to  Ua 
departure. 

Thu  il/jiihlt"  meridian  tltataiitv  of  the  MconA  sitie  I'jt  e^ftol  fo  Ihe 
dwMe  mvTitlian  disfunvp  o/tftejirst  gkU!,plfa  its  departmr^  piut 
the  tieiHtrtttn  oftkvi  necoud  skU. 

The  donate  meriiUnn  diataitre  nf  any  »ide  i»  f^jnal  to  the  r/otfMc 
mevidian  distance,  of  lite  pi-ecediny  aide,  joint  i(a  departure,  plva 
thf  departure  cfthe  aid^  itself- 

Tbe  doable  mmdfoii  disffinee  of  tAe  ta$t  tiide  (ted»c*d  bg  Iht 
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foregoing  rults  shotUd  equal  its  depaHtire,  and  t£iU  airve  <u»  a- 
*  thtek  Oh  tkU  part  of  the  work.' 

234.   ContJDUiDg   uow   the    work   of    computing   areas   nnd 
jcfcmng  to  tbe  last  figure,  wc  ma^r  fonu  Llic  fuUuwiag  table : 


i 

LiKa*. 

H.Li-r. 

e.  La*. 

a.  Dm-. 

Dip. 

D.UJ). 

DotlKUl 

AUM. 

AncMrn. 

1 

PO 

ft. 

On 

.. 

S  i» 

3B4x/^ 

2 

Of. 

■  . 

OQ. 

UL 

s  cv 

.  .  .  ■ 

SCtxOQ 

3 

LU 

i.n 

-V/i 

szw 

■  •  •  • 

2IMxLn 

i 

MP 

Pm 

.Wm 

S  A'< 

2&x/'«                        1 

Tlw  double   meridian  diHUincpH  are  plnred  in  the  colntnn 

heacletl  D.M.D.    Ill  ttiL>  culiiinii  h<>ftiled  Xortli  Double  Areas  are 

placed  iJBb  x  f'o  nnd  •£!■>  x  /'irt.  tlie  prodiit-l  of  iLl-  firnt  luul 

fourll)  donbk-  tocnilinu  di^tanveit  and  llicir  coii^nixiuditig  lnti> 

tudce.      In  tli«  Botitli    (i(nil>U'  area  columii  we  find  'iC-'X  OQ 

aad  llJd  x  Lfi.  or  tbe  product  of  the  douhlir  nuMidinn  dimtJiiiciL-s 

of  ibe  aecoiid  and  iLlnl  sides,  and  tlieir  respective  latitnilt?*. 

In  oUier  words.  tlii>  roltimn  in   whirli  l'ixcU  of  tin-  prodw^ts  of 

double  meridian  iliHtancc  and  latitude  \e.  to  li«  plucked  is  ludi- 

calMi  b»  the  latitudo  employed  in  the  miiiti plication. 

^^       Now.  twice  the  avtu.  of  thi"  trianglcH  I'fln  nnd  PMm,  or  Llio 

^H  tntitracUve  portion  of  tlic  figiim  oOLMmu.  is  given  in  the  mirlh 

^H  doable  area  coliinin,  and  twic«  the  arcn  of  tiic  lra|>czoids  f)oL[ 

^H  tod  JJ3ft».  wliidt  include  Mic  Imnglcs  uumcd,  is  givvii  in  tlia 

^B  Doluoui  of  BOUlb  double  ni-ea».     Ilatf  the  ()llTcrooc«,  therefore, 

^V    •  The  poaltlon  of  the  meridian  (SS)  miiy  l»  ■■«um(Hl  «o  (uui  (hroiiKh 
I  VLj  otlwr  comer,  or  cT<n  tlirou^U  a  puint  uuiaidv  ihr  nurvcy.     A  A\lgbl 

■ndUkaiion  at  lli«  rultr  Jmc  givi-ii  wmiU]  mak^  it  applicable  to  nii^  of 
Aim  csm*.  For  cnnvrnivnre,  il  ie  ([OQerallv  MiumcJ  to  jin»i  thronvli 
lliB  nioit  wvaUrlf  iiUtiun.  WWti  ■  inrvcy  1*  madt  niili  ibc  iruiiait.  nnd 
the  tm  tmlj  r^iiir<'[.  it  is  moil  (^oDTvtiieui  tu  cumiJur  uiio  u(  tlip  lidc^ 
ot  th«  tnci  tho  mtridlun. 
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betweea  these  sunoE  is  th«  nven  J'OLMP  rcqnircd.  Tlie  rcnaon- 
iii^  b(?int;  gc-nci'sil,  and  iiiilt-jiciiiiciit  of  ttie  numlior  of  Kid«e,  vre 
have  for  flmlijig  ihp  area  of  aujr  rectilineal  fiyiir?,  llie  IwarJDgs 
ami  tlwt&nccii  of  iiU  thu  sides  lieiitg  known,  the  foUon-ing 

1.  Prepare  a  tablp  a*  exhibited  below. 

2.  Finti,  ami  jihtft'  in  fh-ir  projier  mfKmnit,  the  kUitudea  am 
departur^a  of  iht  neceral  isi<U»  of  the  tract. 

S.    Balance  Ifi^  »urvey  {if  necemary) , 

4.  Find  Ihfi  flfin/ilc  nipri'tiian  fliatances,   toith  T^mvnix  to  a 
faeri<li<iii  jmsniiuj  through  the  most  tewsterl^  ■   tUOtion,  and 
tltein,  in  tfte  D.M.D.  mlumH. 

5.  Multifihi  fairh  floubli?  meridian  diatimce  by  itt  corretpoM 
eorrerleil  hitiUnle.  nint  jtl>in>  (/,(•  pmiiurt  i»  the  eohtmn  of  dovblt 
arvaii  indifiitml  hi/  llif  fatifinl^. 

6.  Ojic-liuif  (hv.  di^'rrrme  iif  the  aitma  of  the  tolumtu  of 
double  circiw  «^iV^  be  tkf.  rriiHtrvd  urea, 

(Let  UB  DOW  take  the  Held  not«a  given  Id  Article  I9ti,  ftod  oont* 
p«lo  the  fticB  of  the  irn«l. 

The  fitiiili'iit  will  [irrcrpive  that  the  mpridian  is  aaaumod  to 
pass  thrutigii  Hit^  iniitsl  wcstitrly  stntitm.  that  the  douhlc  meriiliAii 
distances  nro  found  a^  iliiuctod  iu  233.  tliut  <iac\i  is  rnuitiplii-O 
b_v  its  forrfsiKiridiiiw  littitiuiu.  aiid  the  resulting  double  ar*a 
pi'oihiol  phic'i^d  ill  the  cohiiiiii  nf  the  ettinc  iiaitu'  ax  the  latitmle. 

IjiL-stlv.  tlir  <tirrfi'eiire  nl'  the  two  roliimnii  of  hIoiiIiIi'  tutrax  i* 
taki-11.  the  n-inaiiidcir  ilividfd  hy  two,  giviuj;  tlic  number  of 
square  cbaiiitt  in  the  tmct,  and  the  result  dtvi<Leil  by  10  =  IS.OSS 
ni'i'i'-i,  wliii'Ii  is  till'  ar4'a  H(Hi>;lit- 

On  nccoiiiii  of  the  nit>ri<li.in  paasing  tfaroiigh  the  most  went- 
criy  station,  and  because  the  Held  is  to  the  left.t  the  anii*  of 


*  Fur  convvntenoe  sitnpl}^,  aoe  nolo,  preceding  Article. 

I  In  llir  1a*I  flin>r<',  if  thr  brnriiiKii  irr  tnkrn  nr  rrvitC'I  in  iW  oripr 
P.\f.  .\ff.,  IJi,  L'lc,  the  trtiot  \*  catiBi'ion'il  oa  the  left:  K  ilii*  orilor  it 
Kvortcil,  the  tract  it  on  the  riitht. 


DETERMIKING  ABEAS. 


191 


M 


fe 


£ 


■3J    oi    ito    ce    to    •- 


STATiaNK. 


DO  03  a  Z  Z  M 

-M  cn  ib.  lU  *  ta 

1*  —  m  OS  CD  Q 

«  o  Q  o  a  a 

8  ^  I  ife  5  S 

^  ^  ^  ^  M  W 


tfk.     Cd     Ca 


DllTAHCia. 


CO    «e    e    ' 


to 
en 


V  ^  s  . 


>d         H   .-1   to   w 


^  £ 


S 


k< 


'g  s  ^  ^  :  : 

CB  J.  O  S  5  •*■ 

to  4-  00  lb  bl  CE. 

Ol  X  —  10  K.  S 


s 


t 


5 


3? 

SB 


|3 


i 


c 
k 
b 

r  G  a 
S  s  I 


102 


PLANE  StTRV^VlNG, 


the  trapesoids  arc  QOrtU.  Kud  tlioev  of  the  triangles  south.  If 
we  ll&d  asaumad  Lbo  meridian  to  pass  through  the  imtKt  cfti«C«rly 
corner,  tlie  are&s  or  tli<>  trtt|)Pzoid(i  tlien  formed  wcMild  i^e  sontb, 
and  those  of  the  tri»ngle«  nortli. 

If  the  bearings  of  the  llriBs  were  reTeraed,  or  tho  survey  made 
with  the  Odd  to  the  ri);ht,  tlio  rcrecw  of  the  prL-t-cdiag  state- 
meat  would  be  true. 

Ill  ^khtfr  cjisu,  howev«r,  oue-half  the  ditferencc  of  th«  enms 
of  the  double  areas  will  givf-  the  contents. 

A«  an  exercise  the  Htudcnt  miiy  obtain  an  csprcasion  for  the 
area  of  POLMP,  laat  figure,  asAumtitg  the  laeridiaa  to  paas 
tlirougli  L,  und  pHSHing  round  by  MP,  uta.,  that  is,  kveptiig  tb« 
field  to  the  right.  He  may  also,  with  the  meridian  throngh  P.  and 
keeping  the  field  to  the  left,  obtain  an  cxprcsfimn  fur  the  mea. 

Am  u  fiirther  exirreiete  he  may  verify  tlie  result  in  the  last 
example  solved,  taking  the  meridian  throtigli  tlie  moat  easterly 
station. 

Calculate  the  areaa  fW>m  tlie  following  notes ;  alao  make  a 

plot  of  each : 

I. 

W. 


(I) 
(if) 
(8) 

(^> 
(5) 

(6) 


N. 
N. 

S. 
S. 

s. 

N. 


9' 
31* 

lOJ" 

H9" 


E. 

E. 

E. 
W. 
W. 


15.50  vhama; 

2a. 40      '• 

10.00 

18.70 

14.60 

21.00 


1 


TIOKI. 

LUfBB. 

dan. 

Aftrnvra  wmi 

L 

LM 

S2.4fl 

6" 

M 

Its 

1,»0 

22" 

X 

NO 

mm 

W 

0 

OP 

23 .8& 

ISO" 

p 

PJ. 

67.10 

270* 

L 

r.M 

son"  or  0' 
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3. 

(1)  N.  Uf  E. 

(2)  S.     871W. 

(3)  S.  20J*W. 

(4)  s.  srE. 


13.1'Jchaias; 
8.40      " 
11.75      *► 
10.03      " 

An».   1 1  ^Vg  acres. 


If  in  Article  76  wr  Riitistitnte  reHgeccivelv  for  nbaeisea  and 
ordinate  of.  a  corner  of  a  tract,  departure  and  latitude  of  the 
Bide  ending  at  said  eonier,  tliu  riili-  there  given  may  bo  applied 
to  tturvevs  inad«  with  an  angiiUr  instruracot. 

To  itiustrate,  take  the  example  given  in  the  laat  article  : 


CamncTBD 

CmtnsfTKU 

TOTil. 

uiiati. 

=  ■   4   k 

SmkS 

Ana  AH. 

jr. 

$. 

B. 

IT. 

,   , 

IS27 

'l.SS 

,      , 

0,00 

,  , 

,   , 



OM 

.     . 

10.1:9 

'      ■ 

-12.27 

4.68 

-14.84 

182.0866 

3.41 

.    . 

3.26 

-  8.SI 

14.«4 

-6.90 

22.1400 

8Jt4 

,    . 

.     , 

3.35 

.20 

11. A8 

ft.(II 

1.8220 

1    ■ 

1-»T 

t     . 

1.88 

3.M 

»3& 

fi.3^ 

18.8882 

t    • 

1.W 

<     • 

i.i6 

I.B7 

9M 

8.S3 

1Q.3131 

10)190,33  eq.  ch. 
12jOa*J  mertit. 

I 


In  this  case  the  axes  were  taken  through  the  most  westerly 
station,  (hereby  making  the  total  departures  all  plus,  but  giving 
both  plus  atid  minus  total  Latitudes.  Oa  account  of  tho  eigns 
the  doubU  areas  are  all  plus.  The  axis  of  ordinalos  pasaiug 
through  tlie  iiio«t  wt-sterly  ^tuliott  makes  the  total  latitude  of 
that  Blation  zero,  ami  consequently  there  in  one  less  multiplica- 
tion to  he  performed.  The  same  wonlil  be  the  CM6  if  the  ?" 
axis  passed  thi-ough  the  most  oafteily  corner. 
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Since  the  difference  of  the  alternate  total  dep&rtures  Is  equal 
to  tliu  «iim  ot  lite  adjaoent  departures,  the  rule  juaC  giren  may 
be  stated  as  Tollowft : 

Mvltipli/  the  total  t(aitude  of  each  ataiion  by  the  sum  of  the 
departures  of  the  at^JacetU  aides,  atut  take  haif  the  «i(m  of  theae 
products  for  the  area. 

To  illuBlrat«,  take  the  roUowing  exnmple: 


i 

BKtani**. 

tf. 

& 

X. 

w. 

2    -«= 

1 

N.  26*  E. 

433 

803 

_  , 

183 

,    , 

000 

s 

N.  70''  66'  K. 

tni 

43 

•  . 

lao 

303 

sog 

145017 

8 

S.  «°  41'  W. 

6S» 

.  . 

&8£ 

02 

436 

124 

54004 

4 

S.  25"  W. 

iO 

.  . 

3C 

17 

-  90 

-  70 

7621 

5 

N.  68*  W. 

380 

135 

2m 

1-186 

-807 

4144$ 

1)848347 
485«))1241T».&eq.fl. 
2.862  aci««. 

Tbe  Etndeat  may  rerify  tbc  precuding  example  by  this  tuetfaod. 

2.  Given  the  bearings  and  distances  of  the  sidee  of  a  field,  as 
fallows,  tu  tluil  tbe  aruH  liy  esiL'U  of  tiic  two  preccdiog  mcthodt. 
Ascertain,  also,  the  error  of  the  »urv«y. 


(1)  N.  or  w. 

9.38  chai 

(2)  N.  65J*  E. 

8.25      •• 

(8)  S.     39°  E. 

fi.Sl       " 

(4)  S.       2-W. 

4.45      " 

(5)   &.     46°  W. 

5.00      " 

(6)  N.    88"  W. 

6.79      '* 

ns; 


S.   Given  the  hoandHrirs  of  »  tract  of  land  with  the  corre- 
spoading  weigbtft,  as  follows,  to  dotermine  the  area  by  double 
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34.03 

Si 

10.47 

Hi 

15.30 

s; 

7.15 

S; 

U.iO 

2i: 

9.20 

1; 

24.58 

1. 

iDcridtiui  dlatancRB,  using  tlic  vroighUi  in  baluiicinR  tbe  aurveii'  na 
indicated  in  3°,  Article  iOH.  D«t«rinine,  also,  the  error  of  tbe 
Burvey. 

(1)  S.     TO"  10'  W.,  diul.  27.00  chaitu.  weight,  I ; 

(2)  S.       i"         W., 

(3)  N.  89J'         E., 

(4)  N.      1*55'  K., 

(5)  S.  eoj"        E., 
(«)  S.  fi8i°         E.. 

(7)  N.    3a*        E., 

(8)  N.  I6J'        W., 

4.  The  distauL-cii  and  interior  onglcs  of  n  fumi,  tc^ctlicr  with 
tMaring  of  one  lin^,  m-c  given  bolow.      Tlie  uagk-s  nrrv 
very  accnrately.     It  is  required  to  calciilflto  tbe  area, 
by  either  or  the  preeediuf*  tuetbodH,  balaueisg  the  Burvoy  by 

i(2")  Second  Case,  Article  20S.     Also  make  a  plot. 
Ai^leL,       'JO"; 


i( 
it 

it 


it 


220"; 

90°; 

90' i 
270°; 

90"; 


O, 
P. 

s. 


eide  LM,  28.00  chains. 

"  JfJf,  20.20 

"  NO,   14.70 

"  O/'.   12.48 

'•  PQ,  27.96 

"  QiJ,  16.10 

"  RS.    11.90 

■■  SL,    21.60 


Bearing  of  Z..V,  N.     10°  K. 

5.  The  notes  of  a  survey  are  given  below ;  it  ie  required  to 
determine  tbe  aron  by  double  meridinn  distanvcH  aft^r  correet- 
log  llic  UtitudL'^B  nud  dopartun-ii  by  a  comhiuatioD  of  2°  and  3*. 
Article  20H.     Hec  <dao  note  in  t^iime  aiiiclu. 

The  interior  angles  were  observed. 

Aogle  X,     91"  44';  Me  LM,  I7.1C  rhnins  ;  weight,  2. 

»'      3^,168°  20';     "    MN,    9.48      ■'  ■•         I. 

"      jr.   104°  49';     "    NO,     H.lMi      "  "       1|. 

"       0,    179°  SO';     "     OP,    15.28      "  "         S, 


6.  Select  A  tract  of  Innd,  some  of  the  Bides  boiiig  mucb  mm* 
dUDcull  tbiLn  till;  othcns  Uj  ati|{n  nml  mcoHurc.  survey  it,  veight 
tlic  iiidea.  biiluiicu  tlie  littitudes  uuil  ilvput'lurva  accoriliDg  to  ihv 
n-eigbt«,  and  calculate  the  area. 

7.  Let  one  pftrtj  of  stmietits  survey  a  tract  of  ttnoTpn  or  hilly 
land  of  ouDHideruMu  uiitguitiule.  by  iucuuh  of  trauatt  and  stadia 
and  rectangular  co'ordinnles;  auother  party  at  the  uune  time, 
or  the  same  party  subsequcutlyt  survey  the  same  tract  io  tiit 
usual  way.     Compare  rettulte. 


a.     WHEN   OFFSETS   ARS  TAKOK. 

23Sl  I^et  the  annexed  figure  reproHBiit  the  C4uw.  Th«  prop* 
erty  lines  are  NO,  OP.  PL.  and  tbc  c-uutrc  of  tljc  creek  •  RS. 
Obtaiu  sulIicioQt  data  to  ooiuput«  the  area  of  tbc  rccttliucar 


*  Whi'ii  a  iiuunavii^abLe  etreain  fomas  a  boundary  <it  a  trad  or  land, 
the  intdillc  or  ii  t*  fonnidfTc'l  the  propeny  Hne.  anlen  othondRc  tpcclfled. 
In  narigdlile  rivcrt  and  Udnl  water*,  Ehfr  bnundair  U  low-wat«r  mark. 


DETBRMIKTNO  AREAS. 


m 


\tpm  LKOP,  and  tuk«  oCTftL'ts  rrom  tlie  line  LX  to  the  middle 
of  itn;  Btrcuiu,  aa  directed  in  Offsete  an<l  'i'i«-i,ine«,  Article  73; 
and  in  Trsveraiug,  Arliclio  164.  Calculutu  tli«  area  of  LyOP 
bjr  one  of  tbe  pmcediiig  »ietliodB ;  to  chiH  odd  *  the  %am  of  the 
nreiu)  of  the  trH|>fzoi(ls,  and  ttinnglca  formed  by  the  offoeta 
from  tbc  Uo«  LS  io  tbc  middle-  of  tbe  crufk.  If  the  width  of 
the  •trcam  m  coovidcrablc.  and  oHpoeiall;  if  great  accuracy  i| 
required.  Hie  siirvejor  must  not  ignore  tiic  smiill  triuugtee  t 
fontR-d  «t  L  and  y.  0 


23&  To  Find  the  Area  of  a 
Food  or   Small  Lake,   (.mierae* 
or  tJike  the  1>eari»gs  of  the  sidpa 
LM,  My,  SO.  etc.,  nnd  mcasui-c 
^■hciD  ;  oIho  tnke  otl^vtM,  nt  proper 
poiiitA.  fToiu  tbew   lines  to   tb« 
tdgg  of  tile  wiitur. 
^fc    Calculate  tb«  area  included  be- 
^^ween  tbc  risjht  line*,  mid  sub- " 
tract  thercft'om  the  urea  found  by 
the  offsetit:  the  remaiuck-r  will  he 
the  area  required. 


I 


EXERCISES. 


JP> 


I.  Let  one  psrty  survey  a  fiel<l  with  compass  nnd  chain, 
ttking  hpariogH  mid  rlisianoos  of  nil  tliOBid<>B;  itiiotlier  party 
turrey  the  xainc  field,  uatug  tianstt  and  chain,  and  observing 


•  U  ihn  bue  iinit  LN  ic  trilhout  Ibc  trftcl,  m  in  LNO'P,  lh«  uea 

inclndnl  between  ihe  raMdU*  uf  tlic  Btrcain  and  f.X  muil  be  lubtradeit 
bom  thMt  i>f  /..VO'/-". 
■  1  Otiivr  IhloK*  tieing  i.-<ju*l,  <l>i-  nrvav  •>(  llK-st.-  tiiiiiill  IrinnKli-a  dcprnd 
'tpon  the  obliqaitjr  of  P/.  ntui  ''>,V.  Tht-rt  will  he  nmw  formed  nlitn  PL 
ui  XO  WK  perpendicular  to  Ihe  bste  LS.  In  tlio  coaf  pr(>i(-nl<>(3,  Iho 
iRBof  tlw.'  iriAnpIv  at  /•  ii  to  W  a<I<]e(].  ami  ihni  >if  Sn'r  siititriiL-ied  frciin 
ilu  •um  of  the  area*  »l  Ihe  trn|N.*Eoii]i.  tu  obtnin  ttie  i:Drri:i:l  contenl 
b4br««i  Ly^tiA  the  iDiddU  nf  iHa  ertrck. 
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the  interior  or  dcllcctiou  auglos  ;  &  ttiinl  party,  using  the  cbaio 
onlj'.  Each  party  .should  use  proof  tines,  m»ke  record,  i^ot, 
and  calculate  Uio  area,    ('ompnre  results. 

2.  With  a  transit,  survey  a  field,  a  part  of  whiob  la  bouoded 
by  a  crcok,  lake,  or  some  crookod  Un^  requiring  offsets  to  tM 
taJcen  ;  make  a  plot,  and  Rompute  tlie  areA. 

8.  Triangiilalfi  a  porLioii  of  n  river  or  %mal\  lake;  make  a 
plot,  aiid  compute  the.  area. 

4.  Make  tbe  neceeaary  meaaureracnts  to  write  a  descrtptioBi 
to  mak«  a  plot,  and  to  compute  tbe  area  of  a  ponioa  of  a 
crooked  load. 

A.  Obtwrre  all  the  bearings  And  measure  all  tiie  sides  of  a 
polygonal  Held,  except  tbe  bcariug  and  distaitco  of  one  side. 
Compato  tho  area,  and  leugth  and  bearing  of  omitted  dide. 
Subhoqiiently  observe  the  beitriug  and  difttancc.  and  note,  if  any 
disiigreement,  how  muck  the  area  is  aCtected  tberebj. 


CHAPTER   in. 

DBCLIHATIOM  OF  THE  MAONETIO  NEEDLE,  OH  VAIUTIOK 
OF  THE  COMPASS. 


237.  It  I1&8  been  already  remarked  (Article  82)  that  Uic 
mafpiotic  am)  g«ogra|)hic  merKlinn  (lo  not  in  general  coincide. 
The  angle  ineluded  Ijv  the  vertit-nl  p1ancHContniniii|T  Uiesc  lines, 
or  tlie  aiiglt'  wlik-h  the  dirt-flioa  of  tUe  needle  makes  willi  the 
geogrii[>bio  mnridian,  is  the  dediuutioit  of  the  needle,  eumctiiiies 
chilled  tli«  variation  of  the  cotnpabs,  It  is  ditferetit  at  differeat 
phici's.  and  i*  n  variiililo  i|imiility  at  any  place, 

The  declinatioQ  ia  termed  eairt  or  ivMt,  anrording  ns  the  nortb 
end  of  lUc  ni'cdic  puiotn  to  thL-  cmt  or  west  of  the  geographic, 
or  true  meridian. 

Tl)c  magnetic  decliuations  of  a  few  places  for  tb«  vear  l^t)& 
arc  given  below : 


Eastport,  Mc.t 

Albany,  N.Ym 
Piltabnr^,  Pn.." 
Omaha.  Neb.. 


Ifl"  10'  W. 
lOMl'W. 

10=  IKV  E. 


San  FraiicitK».  Cnl.,  16°  34'  E. 


Sitka,  Aliwka.  28°  50'  E. 

Milledgeville.  Gn.,  2°  32'  E. 
NcwrOrloniiB,  I,a..  t)"  IT  E. 
City  of  Mexico,  Mex.,  7*  2'1'  E. 


238.  Irra^ular  Changei.  The  magnetic  needle  i»  auhJiH't  to 
(listtirbances  diiria};  a  tlmndfr  storm,  or  au  exhiMtioa  of  anmra, 
solar  changes,  and  aonietiiuoa  it  ie  considerably  «4!;iiftk'*l  wiili- 
out  any  apparent  oanst',  hut  probably  on  acconnt  or  ma^etic 
or  electric  dietupbauoes  moro  m  lesa  roninte. 

Tbe  changes,  however,  which  eaiJecially  concern  the  surveyor, 
are  Uie  diurnal  and  secular. 


239-  The  Diomal  Variation.  It  bas  been  ucvrtaiocd,  by 
repeated  ohdi^i'vatiniiH  .it  viit'ioiis  places.  Hint  tbc  magnetic 
needle  ia  subject  to  daily  dmii(C<-*»:  timt  at  a.  timi;  ran-iof?  from 
two  to  tbruti  hours  alVr  siiuridc  tliu  north  end  of  tli«  needle 
attaius  iU  maximum  d^vifitiuEi  to  the  ea^t,  nr,  aa  it  U  cuUul,  its 
cfi»it(>rii  cloDgmiuu  ;  from  thiu  lime  it  ift  dcflcotcd  westward, 
attaining  \t»  western  elongation  between  1  and  2  o'clock  p.m., 
whi-ncr  it  rctro^ndes  towanlH  tbv  enxt.  There  i&  sum(.-limL>s 
an  itilerruptioii  of  the:  motion  at  iiiglit.  but  generally  »  small 
reTcrsed  movemeut  is  esbibit«d,  tLe  m»|^iielic  meridian  being 
prostsi'il  a  second  time  between  7  and  i)  p.m.  Tlie  times  at 
wl]irb  these  limitii  arc  reached  vary  with  tlie  seuona :  during 
the  nortli  declination  of  the  sun  the  averages  for  eastern  and 
wi'Steiii  elongatioiift,  respectively,  are  about  7.30  a.m.  and  1. 1ft 
r.M,  :  for  tiif  rL-tnainderof  tbc  vonr,  about  S. -15  a.m.  and  1.45  p.m. 

The  average  daily  riiivotion  or  mean  innguctic  meridian  is 
reaebed  in  sninmur  alxiut  10.15  a.m..  and  in  winter  about 
10.42  A.U.,  at  I'liiliidelpliin,  tiiid  generally  witJiiu  half  an  hoar 
of  these  times  at  other  placed. 

Tbe  angular  range  between  tlio^e  limitu  le  not  constant,  but, 
tm  may  be  seen  by  thp  tnble  siiibjoinnd,  it  iw  eonitiderably  greater 
in  summer  than  in  winter,  amounting  at  Philudelphin  to  10'  .10" 
ill  August,  and  only  6'  in  Novumber.  or  u  yearly  avetnj^  of  8', 
while  at  Key  West,  Florida,  the  average  for  the  year  is  abont 
5' .HO" ;  in  higher  maj^ni'tie  latitiidesi  tbe  nveraj^i"  being  more 
than  in  the  lower.  It  in  least  in  yearn  of  minimum  sun  spoU 
(na  in  1678,  fur  in»taiicc)<  "tid  greatest  in  yean  of  maximum 
sun  apots  (as  in  m70),  tbe  ratio  being  about  as  7  to  13  of  the 
average  amcumt  of  these  years  re«|jcetively.  The  daily  vari- 
ation is  at  timca  interrupted,  at  others  enfeebled,  and  frequently 
in  the  winter  there  are  daya  on  wbicb  it  cimiiol  be  recognized. 
On  auc-ouiU  of  the  daily  movement  of  tlie  necille,  its  variable 
range  during  tbc  year,  and  diHtnrbaaccu  from  atmos)>heric  phe- 
nomena, it  ia  well,  when  talcing  the  bearing  of  any  important 
line,  tn  record  tbe  tbito,  time  of  day,  and  condition  of  the 
atmoHpbere,  using  the  subjoined  table  as  far  as  practicable. 


VARIATION  OF  TUB  COMI'ASB. 
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MOl  For  reducing  tlie  direction  of  tbe  needle  observed  ot 
other  hours  to  the  ineRti  iiiii^^iietic  LacridiHD,  tbe  (ullowtng  tiitple 
(taken  Troni  iiistnictiona  lo  I'lntert  State*  Deputy  Siirvpyora'),  bi 
fiirnlshed.  It  givi^tt  to  the  aenrest  minate  il\p  vanntions  of  the 
needle  from  its  nvcrn^e  position  duriuf;  ttic  da..r,  fur  cikL  hour 
ill  tilt  dty,  (or  tbe  foar  seusoDs  of  the  year. 

Tablb  fob  Rbdvcixo  tuk  OunKurer  DKCLiifATii>?r  to  the  Mkax 

UeCLIKATION    UF    THK    DaV. 


A.M. 

A.X. 

A.M. 

X.K. 

A.m. 

A.M. 

X. 

If.H. 

rjt. 

P.M. 

pj(. 

P-K. 

r.K. 

Moor 

6 

3' 

7 

s 

4' 

9 

3' 

10 
I' 

11 

1' 

IS 
4' 

1 

S 

s 

4 



e 

e 

SpH.g 

S 

ff 

4' 

3' 

2' 

1' 

SuminvT 

4' 

V 

&> 

4^ 

1' 

y 

4' 

ff 

fi' 

4' 

3* 

2' 

1' 

Anlnmn 

2' 

V 

V 

V 

c 

i' 

V 

4' 

8' 

2' 

1' 

1' 

c 

Winter 

1' 

V 

8' 

V 

1' 

0' 

V 

8' 

S' 

2' 

I' 

V 

0* 

2^.  The  Secular  Variation.  Observations  cxtenditig  through 
niBD y  yi'iini.  :it  viirioiiii  |i)!R-l'>4,  luditrute  n  doutiiiual  t-liangi?  taking 
pince  in  the  declination  of  the  needle ;  tlkitt  tliese  diAiigcs  are 
not  contiouuus  in  (lin-cLinn  nor  uniform  in  intensity  ;  that  in  tliiii 
country  Uie  inoveniunt  which,  nt  Ike  end  of  lliu  lust  cuiitiiry.  ivas 
eu^tvard  is  now  Kfgtmnrd  at  all  pUcos  east  of  the  Rocky  Moun- 
tains, and  that  a  pi'iiml  of  2M>  or  300  ycaiit  nmy  4'latwe  bwfoiv 
the  needle  will  agiiin  n-siirne  the  position  it  now  occ«pi*H," 

242.  The  Lise  of  no  Becliinatioti.f-  or  Agoaio  Line,  is  tlie  locua 
of  all  point*  on  the  earth  where  the  direction  of  the  needle  ia 

*  Tba  o]t|>lAna.tion  at  the  ihuUf  chui|t«  mutt  ultimately  bo  r^f^nvd 
to  forcw  Iff  *  iHrriiHlic  cliHritci«r,  acting  for  u<.-ucuri<.-ii  wiili  KreatrcKuUrity. 
So  far  ni>  apiiniKi^h  hm  yd  lifi'ii  iiiiuIl-  luwjtriU  tliv  ilincoTcry  of  Ihp  csua« 
of  the  mollon,  . ,  .  Th^  nndy  of  ihp  mrlnlion  of  ili«  di^liuaiiuii  la  f«,i 
woiiU  wem  ro  imlii;«lf  a  wriilnr  I'lmiigc  cydf  for  slatiojis  iu  ilie  Unlled 
Siaiei,  i>xlon()lDK  over,  or  varying  twlwi^eii.  ilii;  limtU  at  atiout  320  ur  3(tO 
yvmn.     'ITit  dau,  Imwfvpr,  air  very  uncertain.     (U.  8.  C  &  O.  S.i.  18T0.J 

t  Sonnellmea  callci]  die  Line  o/  na  Van'ittion. 


ooiocideot  with  the  geogrBpliic  mpri<1iui.  At  all  pUees  oo  Uw 
Americmo  contincal  MtUBt(--<l  tu  the  east  ot  this  line  tlw  declioa- 
tioo  tB  ucaf,  uitd  nt  all  i>Ince«  U>  tLc  west  of  iti  the  dccUuatioti 

Tbc  liae  of  oo  (leeUoatioa  bas  been  mnvtii);  m-L-arwant  <laring 
the  preseDt  centuij.  From  a  chart  poblLsliett  i>j  ProfcvMuc 
Loomifl,  io  tbc  AinerkoH  Joumai  of  Scieiuxt  1840,  it  appran 
ttuit  tlic  liDCfl  of  «()tial  'leclinaliun,  or  isogooic  linvH,  craned 
the  United  StatM  in  aN.N.W.  direction;  tbe  deflection  towanli 
the  west  being  greatest  in  Maine.  Tbc  line  of  oo  ileeliDacion 
at  that  litne  entered  NcMth  Carolina  abont  midwav  betweea 
NewliiTu  nitd  AVilniiiigtuu,  {jaMSMl  through  tbc  middle  of  Vir- 
ginia, and  into  l<ake  »ie  at  a  point  neari;  eqiiiditttont  fmm 
Erie.  Pa.,«,Dd  Cleveland,  Ohio. 

In  IK'HA  tbe  Agonic  Line  entered  tbe  t'oited  States  a  little  to 
the  eaat  of  Beacb  Inlet.  S.C,  Uieuce  through  Greensboro.  N.C.. 
Cltriutianftlnirg,  Vn..  1*oint  I'k-annnt,  W.Va.,  St.  Claimrillci 
Obio,  a  short  di»>taii(;e  west  uf  Detroit,  and  a  few  toilet  east  of 
Fort  Mackinac,  Mich. 

In  tbe  ,vear  1700  the  deelintitioa  at  Philadelphia.  Pa.,  waa  S\' 
west.  During  ttie  next  oentiiri,-  it  diminished,  reaching  a  ndnn 
muui  in  1800  of  1}°  we«t,  Kince  wliioli  time  it  hue  been  tocreas- 
log.  and  ie  now,  Januarjr,  1HH7,  at  the  Fliilailelphia  Stnte  llouwi 
lat.  3*)"  ,'>6'  M",  long.  75"  09',  6"  -W,  with  an  annual  increiH 
of  5'. 


343.  Mr.  Charles  A.  Schott,  late  chief  of  tlie  compndng 
division  of  the  U.  N.  C.  &  0.  S.,  tubulated  the  declinatioiu  ob- 
served  at  various  stations,  aud  dedui^cd  frum  them  fonnaUs 
b;  which  the  magnetic  decliuatioa  at  vaiiouB  piaoca  may  be 
computed.* 

Tlio  places  are  iirrnnged  gcngr&phicnll?  aa  far  as  pntetieaMa, 
and  are  given  hr  latitude  and  Itmgitude  (west  of  Greeawkib). 
The  e\KKs\i  to  which  tbc  furmulus  refer  U  18A0,  or  m  =  J  —  1650. 
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^1 

I'rvilrlaaM,  BJ. .    •    .    . 

41'>ll>.6' 

n'st.!' 

J^--*  B.10-»l.lHlain(I.4£M-3,t) 
4-  O.ISllll<T.UMtUO) 

^H 

limlfiiRl,  nuiD.  .... 

fl^UA' 

7«'*0.4- 

P-1^  •.«a^l.Mata(I.Stn-JD.4) 

^1 

New  llkrvOiCmB.  .    .     . 

«»».»■ 

jrM.i' 

J>=+  T.TB  +  t.lIilii(1.4UM--ia.l) 

^1 

Albaoj.  K.T 

*a^»x 

W«.*' 

J>  =  +  a.lTtR.a9i)B<1.44n-M] 

^1 

*a*»^- 

Ti"4ftl' 

n-*  fl.ia  i3.;M>iii[Lsem-is.o} 

^1 

«"«-*• 

Ilt°U.B' 

J>-4  3.«a-f  s.t;iiiun.l>»-ltTJ) 

^1 

Tofbmo.Om.     .... 

43"  an^' 

7v>n.v 

/>*+  >.«J  1 -l.R!l*lu[1.4m-U.T] 

4  o.«iiio<gji«4iaa) 

■f^  (UMilndUm  •  !U7) 

1 

icn«.  v%. 

«F'DT.»' 

VfOiA' 

J»>-'t^  19043.11  ila(l.tAm-!D.T) 

^1 

H*rtMi>.  otiM    .... 

WZJ.O' 

HPM.O- 

i>>+  0.034l.M)in(l.liii-  iOA) 

H 

CWvalHOd,  (Ma  .... 

4I'''3UJ' 

8l"4a.U' 

Dm.*  a.lO-rl.UT(lu(1,WDi~fl.3) 

DNfolt.  M1i-h      .... 

43=20.0' 

woa.o' 

i/--  0.in-rl.tlilD(l.Min-ia.3) 

eWallil«S>t.U>r1c,Mlcl). 

4»'».«' 

M°S0,1' 

/>-  >  t.M4l.T«al[l[l.4aiN-esS) 

f^rlmwlt.  QMn  ■    .    .    . 

WWjS' 

St"  2J.a' 

j>--2.M-rt.WilD[l.(3in-oe.B> 

^1 

Si.U^.Us 

39'  as.o' 

iw'iaj' 

S--  I.U-t  1.33  •la(l.tM- 30.1) 

^1 

40"42.T' 

:*'  i»,4' 

S—+  «.40+aj«alD(l.an-l.») 
-r  0.UidD(ajint<.4) 

1 

Uaiborough,  Pa 

«>>W.O' 

Tl'OT.O- 

/)-4  B.SS  *  3JS  •iBO.Un- IS.S> 

■>■  a!i9iin(4.iiH'm) 

1 

K°M.e' 

J40  0(1.0' 

Jl--t  l.W+X»*lD[1.Uin-S.B) 

1 

RuHtboic  Pb.   .    .     .     . 

40>\l.V 

mBiti' 

i)«-f  3.1)S  +  3.(i«*ln<I.A0n4-U.S) 

OtMUMOn.  UA 

IB*ltJC 

JI>'3T.O' 

i>-4  a.ia*i.si MiadMa ~ai.3) 

^^ 

'*30>»a.R' 

•■n-tw.a' 

D^*  t.4T4.3.faaJii(1.4oni~14.n} 

H 

cap*  n«i(j.  v^    .  .   . 

■^W  tA.lt- 

+■  TO'-  lll),A' 

/To  4  S.M-»1.41*lii[lM)m~UJ.4) 

H 

BVUi.a* 

IV=  ».»' 

/>--  a.M»3.74.in(].aai«-ij) 

H 

ikMMk,a^    .... 

Vf<H.V 

SI  =  Ott.*' 

/)--  l.M  +  2.3:t>ln(1.AiH  -W.A) 

^1 

Sq-WaMtFU.  .    .    •    ■ 

vpuy 

U>4a.»' 

/>--  B.M43.ra*ln(1.4in-3a.l>} 

H 

4*>MJ' 

«=«.!■ 

JJ:^-  4.a  t  J.0OiJa(].8n -».T) 

1^ 

1 

|_ 

\ 

1 

^                             ^^^^^^KZ^^^W^^^KT^SkTzx^^^T^^^^^^^^^^^^^^^^^^^^^^^^^M 
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FoRiniiuit  tlspRRiutini  thk  Uaoxstio  Dscunatiox.—  OsltnuM/.          ■ 

^*«x*  cir  KriTian  i»d        I^tI' 

1.0KSI-         ExrKSMinx  roR  itAwrrK          | 

LocAVKn. 

THUS. 

Tvm. 

DtvuiunOK. 

KlDjtaloQi  Jaawlw  .    .    . 

IfW.*' 

ivsoua' 

D--  4^t-]L0«A<LSM4-Ul») 

t-kiMtua,  Xvw  OraMib    • 

rjT-r 

TV°Ba.3' 

Z>-- «.W4-l.fttriB(«.«si*llM) 

l^lorcDw,  AJa,      .    I    •     ■ 

W»(TJ' 

trths- 

Dn=-  4Jl^S.99alBa->M-S£«) 

UoblU-,  AlL    .     i    .    .    . 

aoo«.t' 

t»"OW 

/)--  4.40<-l«da{1.4St*-nJ| 

Xaw  Orlaan*,  Tji.    .    .    . 

30"ST.a- 

WI».V 

7).-  &.«!'> 3.»ain{1.4H-CI«) 

Vc-rn  (.>»».  M<»lno  ,     .     . 

t»>ll.S' 

M°08«' 

r)~-  4.1«4.S.MalB(l.lOM-MjO) 

UoclM.  UmIco  .... 

I»°3Bj>' 

Ml°l».t|- 

D',^  4.U'i-4.l4*lD(1.0<i(-n;))            ' 

.^cniiu '■><>■  Hntan    .    .    . 

l»>M>.fi- 

fftlA- 

D--  IM- t.*3»\B(l.am~»hi) 

rian  Ulu,  Uulso     .    .    . 

n->KLii' 

iiM«  ia.7' 

D--  )I.SI*l74aUl(O.Bai-l<MS] 

" 

MiwUlniui  lUjr,  L.  Ckl.    . 

SfU.*' 

IW0S.9' 

0«-  T.BZ'-a.z;*iii(i.:»m-l4a.o: 

aruLi* 

iir»i«' 

/>c-12.M4-I.OOilii[l.]n-I7B.B) 

srw.r 

UI=t3.B' 

D<'-13.9a  +  >.3B(In(tjOM- I«l,«) 

Hail  FrBiiElKii,  Cal. .     .     . 

37' (7.4  ■ 

larai.a" 

D  - -iaj4 -f  a.S  *1  II :  I.UU  n  -  UD J) 

Capo  DtwppalntiD'l,  W.T. 

«^l«.T' 

IWW.0' 

f 3lUa't-8.Walll(I.Kin-Un.«) 

tV9t.r 

I»=M.T 

D  =  -».TS  t  3.9SalD[l.4  m-  1114) 

UiwIuahlLs,  Ala>k>  .    .    - 

Wt3.«' 

IW°S1.A' 

Z> lil^  +  l.l£  tin  (1.4  m  -  47  J} 

4n°4O.0' 

Wlfl.S' 

»--  SM-(l.(i.Wl(*-l«IS.*) 

PllUburg,!^ 

*FaTJ' 

■O"))!),*' 

i)  ^  ^  1I.13S + o.nos  ;t  -  ieiB.T) 

1 

Obluco.  lU 

4toHl.ll< 

sr«8a,i' 

o—  R.a+o.aud-'iaM] 

(Innd  rtBV»ii.  Uteh. 

aooiji- 

sa«i9.<' 

D--  t.w+a.oaod-iuoi] 
4  a,t»is)(i-i»o>> 

UadiKin,  Wis 

43>04.a' 

»°1«.3' 

£•-  S43  +  0MU(I-UMJ) 

Hulinh,  UIi>n.:  iiul  !3iip«- 

M^U.S' 

vpM.y 

D  -  -lo.iT +Dj)An*(f  —  )«Tye) 

1 

TlOtCliy,Wl»,         .       .       . 

) 

lUo  Janeiro,  UnsU.    .    . 

-tt'fti.a' 

49"  « J' 

D  -  +  o.ati  t^  □.i3M(r  -  law) 
•)-  i>.<xiMt(j~iuai' 

1 

Sao  Anlonio.  T«X.  .    .    ■ 

1-XP3*.*- 

>r9j' 

Xi-c-lDJt  ta.«m((-  iwo) 

) 

+  .«»OM(I-'1UO)> 

Oouiha,  Nob.;  and  CoDncIl 

*r  1&.T' 

0&«H.I' 

c  - -U,M4  OMjg(<- IM») 

iVU-S' 

104°  W  S' 

i)  -  ~i4.iv  ■>■  o.osu(f  -  wn.g)         ', 

Halt  I.Aka  rity.  I'tah.  .    . 

4W>  tt.1 ' 

111«HJ' 

U  - '■U.&l  -  CI,aD3D(t  -  lUO) 

■*  o,i»i«nc(  -  luo)' 

To  illustrate  tbe  uae  of  the  table:  Suppose  it  is  desired  to  V 

MCL'rtain  the  dccliDatioa  of  the  uvvdle  «t  Uarrisburg  for  the  lut  1 

of  Septomber,  1877,  or  (=  1877.75.                                                     1 

Take  from  the  table  tbo  uxjiressiou  for  the  ilvdiuatiOD  st  1 

Hoxrlsbuig ;  tbat  is :                                                                       fl 

Z>  =  +  2.93  +  2.98  sin  ( 1  .SOm  +  0-2).                      ^H 
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PfoJ  m  =  1877.75  -  1830  =  a". 73 ; 

I.Wm  +  U/i  =  41.tja5  +  y.2  =  41.826, 
and       2.98  X  DBtural  ain  41.825  =  2. i:i8  x  .66686=  l.il8T. 

.-.  i>=2.tf3+l.i)y;  =  -l.yi7  =  4'' 5V  ivesl  (llic  result  being 
/liiM).  The  obeervt'd  dcclUialion  for  tlie  enmo  time  was  4"  33'  fi". 
Tbe  diff«rpncR  between  tlie  rompiitcd  and  observed  cleclinntion 
b  «eeii  to  be  very  small. 

In  ruDoing  ul<l  Uuch  it  iniiy  be  nccusaiiry  to  determine  tbe 
decliaatioii  nt  a  time  uutcriur  to  18^0  ;  tl)«D  in  will  b«  7ie^a<(M. 
Stii>po8«  the  declinntiou  at  Wnshiugtou,  D.C.,  for  tlic  year  1841 
i&  de«ir«<l.     The  inbiiLir  cxpresxion  ih  : 


^H  .-.  i>  =  2.47—1.15=  1.32  twal  (ttio  reBultingHigD  beiagplus), 
'      which  agrees  prECtically  with  the  observed  declination. 


i>  =1 2.47  +  2.52  Bin  ( 1 .4  m  —  14,6), 
in=  1811 -1850  =  -9, 
(!.4m-14.fi>  =  -2".2, 
2.52«in(-27.2)=-1.15. 


M4.  Tho  foltowitif;  tnhle  is  Ukcn  from  U.  S.  C-  A  G.  S.  R«- 
port,  18^2,  App.  12,  Mr.  Schcitfs  paper  on  Swiilar  Variation. 
It  exhibits  the  conipiitcLl  cihjcIi  of  greutost  uiiHterly  deflecUou 
rencbcd  in  the  secular  muLiou ;  i.e.,  the  date  wlien  last  rttaubedt 
or  tlte  d*te  (in  pai-eutheeiet)  when  it  ie  next  expected  to  b«  in 
that  pfwitioD  ;  the  amount  in  degrees  mid  frirtioiin,  and  direction 
1+  west,  —east)  at  Uiis,  tlie  nearest  statioTiary  epoch  ;  and  the 
computed  annual  changes  id  the  decliDutiuu  of  the  lungiielic 
tteedle  for  the  yeors  1870,  IflW,  atid  1HH5,  a  plus  sign  indicaUng 
wnlfa  end  of  needle  moving  wc»ln'ar<l.  a  ruiniio  sign  indicatitig 
Dorth  end  of  needle  moviog  eastward. 


hn>,  Fnaoe  ...... 

lUtUu.  San  SeMiB  . 

Qn^M^Onafa 

HMtmLCaMd*  .  .  . 

■m^wi.M>. 

P<m1m4.  M*. 

BvnniytottB  v  L «  •  •  ,  * 

Tt 

VM.  ..  . 
NeotniTTpon.  Hmm.  .  . 

Halcm,  Mm* 

Boalon,  Umb. 

runtunilcr.  MUK.  .  .  . 
Nsfltsrkct,  SEtM.  .  .  . 
ftuiiilimw,  nJ>  •  •  •  > 

nftrtUTC,  COBL  •  *  •  . 
Vew  II«*eii,  Coaa..  .  . 

AllMny,  N.y 

f)rfort,s.r 

BbIUo,  X.T. 

Toronto,  Ctnads  .... 

Efi*.  P». 

Marieita.  O. 

C]«TctaDd.  O 

Dvlmil,  Micb 

8<u]i<l(Bt.  Marie,  Mich. 

Uinmiiiali,  <} 

84.  Louif,  M«. 

Xew  York,  NT 

U^thrmugh,  P» 

I'liiUddpIii*.  Pa. ...  . 

IWllmuiv.  Mil 

llarnnharit,  Pa 

W»«ltini{lon.  D.C.   .  .  . 


un 


ITOO 
17M 

lew 

18« 
1T«I 
ITW 
ITVl 
ITH 
ITS 
ITTt 

ins 

IWS 
ITSS 
lTt7 
IflM 

1811 
l«lfi 
ITMt 
ISOO 

lass 

1816 
IflOO 
1797 
17B7 
1800 

iao8 

ITtIO 
17M 


-VUf 

+aj» 

+  T*» 
+  !«■ 

+  iff* 

+  75* 
+  6J» 
+  t.S' 
+  7il» 
+   A2* 

+  «jr 

+  *»• 

+  aj" 

+  «.!• 

+  aj* 

+  w 

+  anp 
+  «J* 

-  0  Jl» 

-  SJOf 

-  »j(r* 

-  a*" 

-  i^ 

-  ».&• 
+  4J>' 
+   l.R« 

+  i.r 

+   0;*" 

0.0* 


-TJK 
+  1^* 
+4* 
+U' 

+«' 
+«* 

+  &JV 

+«• 
+»* 
+** 

+4* 

+0- 
+M' 

+4* 
+-M' 

+a.v 

+8jtf 

+  S.4' 
•(■3.4' 
+4*- 
+4.V 
+  3.9' 
+«.!' 


-64' 
+  IjO' 
+  1* 
+«' 

4.».r 
+i# 
4-eji>' 

+».r 

+  4.1' 

-f-2.0' 
4-t.l' 
+  *.?' 

+  ».7' 

4-5.7' 
+  4* 
-fUK 

+4.y 

4-4.9' 
4-4J' 

4-rs' 

+  •1.0' 
+  S.9' 
+  3.2' 
+  2* 
+4* 
+4.V 
+X6' 
+a4' 

+&i' 


-«' 

+011' 
+  016' 

+1B' 
+»* 
+  U' 
+6^ 

+  U' 
+  ** 
+**' 
4S.G' 
+  t«' 

+  ije' 
+«* 

+&r 

+«' 

+  8.4' 
+  4.0' 
+  4£' 
+»* 
+4.0' 
+  4* 
41.2' 
+  %» 
+  4.1' 
+8.8' 
+  9.0' 

+  &* 

+42' 
+SJ9' 
+<.»' 
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LncA'naa. 

^0 
£ 

i-n  e 

AmriTij.  CB.iiii». 

Ik  ISTO. 

Ik  IBM. 

Iir  18U. 

liflU 

+  0.1° 

+  S.B' 

+  3.7' 

+  3.6' 

L'hRrleiiou,  S.C 

178i 

-  4.0° 

+  3.6' 

+  3.0' 

+  2.7' 

ISOit 

-  4,.Si° 

+  3.0' 

+  3.6' 

+  3.3' 

Key  U'eet,  Fk 

1810 

-   8.8° 

+  4,3' 

+  4,2' 

+  4,1' 

lUTanik,  Cuba 

1801 

-  a.B' 

+  2.7' 

+  2.T 

+  2.6' 

Kini,-aton,Janiaicn  .  .  - 

17U2 

-   0.7" 

+  2.0' 

+  1.8' 

+  1.4' 

Panwna,  New  Granacla 

ITSft 

-  8.6° 

+  1,6' 

+  1.4' 

+  1,3' 

1&21 

-  9,6° 

+  2.B' 

+  3.1' 

+  3.2' 

Mobile,  Ala 

1S41 

-   7.1° 

+  2.B' 

+  8.4' 

+  3.7' 

18S0 

-   85° 

+  3.1' 

+  3.6' 

+  3.7' 

Vera  CruB,  Mflxieo    .  . 

1827 

-   9.4= 

+  i3f 

+  4,0' 

+  5.-2' 

Mexico,  Mt^icko   -  ■  ■  . 

lg:i» 

—   8.B° 

+  2,4' 

+  3.0' 

+  S.3' 

At-apalcn,  Mexico   ,  .  . 

lewi 

-   9.0° 

+  2.4' 

+  3.2' 

+  3.&' 

S.an  BUs.  Mi'iico    .  .  . 

laus 

—   9.3° 

+  0.1' 

+  0.6^ 

+  0.T 

Magilalrnn  Ilnf,  L.Cal. 

awKi) 

- 10.8° 

-l.fi' 

-w 

—0.5' 

(1(125) 

- 14.1= 

-1.8' 

-I.B' 

-l.C 

(UHW) 

-  lfi,2° 

-1.6' 

-1.3' 

-I.O' 

San  FrmcitL'o,  Cal.  ,  . 

ClflW) 

-  UI.O= 

— i.n' 

-0.5' 

-0.3' 

C.  DiBuppointin't,  W.T, 

CIIK2) 

-22.6" 

—2.8' 

-a.6' 

-2-2' 

Silks.  Alaska 

IBU5 

-2».]° 

+  0.4' 

+  1.2' 

+  l.fl' 

tj'nuUHlika,  AlaikA  .  .  . 

1834 

- 19.8° 

+  i.rr 

+  1.0' 

+  2.0' 

.... 

.  .  -.  - 

+  3.3' 

,,.. 

.... 

-  -  P  ■ 

+  3.4' 



Clikflgo,  III 

1833 

—  6.3° 

. . .  - 

+  4,0' 

+  6.1' 

Grnnd  Hbvmi,  Mich. ,  , 

l»34 

-   6.8° 

*  r  -  - 

+8.6' 

+  7,3' 

Mailunn,  Wii.   ,  ,  ,  .  , 

.... 

_  _  _  . 

.... 

+  3.9' 

„  .   .  . 

Duluih,  Wis t 

Superior  City,  Wis.  .  > 

.--. 

— 

+  6,2' 

.... 

Rio  Janeiro,  Brazil    .  . 

.... 

.... 

+10.3' 

+10.7' 

Sui  Antonio,  T«x.  .  .  . 

-  -  -  - 

. . .  - 

+  2.1' 

+  2.2' 

Council  BlufEs,  la.  .  .  I 

+  2.6* 

' " ' ' 

""' 

■  ■  "  ■ 

DtjriTtr,  Col 

■  ■  ■  ■ 

•  >  ■  I 

+  1.^ 

a  ■  I  P 

Salt  Lake  City,  Utah    . 

187<S 

-10.7= 

— 

+  0.8' 

+  2.0' 

208 
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Tlie  TiLriahilit^  of  the  vbaago  will  be  Dotk'«d.  For  example, 
tAke  New  York,  Fbiludelpliia,  and  Uarrisbtirg,  places  ooiuparn- 
ttvely  near  together. 

At  New  Tork  tli«  cliangc  in  1S70  vru  only  one-half  thiitBt 
FUiladelphia-,  btit.  both  iDcreaaing,  thU  ratio  was  maintained 
throughout  the  I't  y&vn.  At  HArrisbiirg,  ou  the  (wnlrary.  ibe 
aiiDunI  change  in  1870  was  nearly  six-«eveutlLii  tliat  at  Phila- 
delpliia,  hut  the  clianKti  cunstaiitly  incroaBiiig  at  the  latter  place 
wliile  dimtuishiug  rapidly  at  the  former,  the  auuuol  variation  at 
Hurrisburg  id  188d  was  oul;  a  little  mora  tbau  ouo-haU  tbiit 
at  Philadelphia.* 

245.  Effects  of  the  Beeular  Chaii^.  It  is  evident  that  if  a 
surveyor  should  ignore  this  change,  in  attempting  to  eatabUsb 
the  cornore  uiul  Id  litieo  tlio  liouutUiry  lines  of  a  Cartn  from  ibetr 
description  in  an  old  deed,  It  would  lie  possible  for  him  to  return 
to  his  place  of  beginning,  but  probably  none  of  bis  otlior  coniera 
would  coincide  with  Uie  true  cornei-a. 

A  line  in  the  vicinity  of  Philadelphia,  which  12  years  ago  had 
a  bcariug  X.  19'  E.,  wonki  now  baar  N.  20'  E.,  and  in  the 
same  locality  a  hearing  which  at  that  time  wa«  Pecorde<l  N.  19* 
W.  would  MOW  be  N.  18°  W.  A  variation  which,  if  not  cor- 
HiOted.  would  iudicntc  the  end  of  a  Line  15  chains  long  orcr  26 
links  from  its  tnic  position. 

Take,  for  example,  tlie  notes  given  ID  Artiele  208,  page  161, 
atid  suppose  an  interval  has  cUpscd  Mufllcicnt  to  make  tlie  vari- 
ation two  degrees.  The  accouip&nyiug  figure  shows  tfat  tmc 
lines  and  comers ;  also  those  corresponding  to  a  surrey  made 
without  taking  the  variation  into  acoount. 

The  bcariugii  and  disbinccti  are  as  follows: 

fl)  S.  ao-olC    K.     i;t.ll  chains; 
(2)   N.  48"  10'    E.     13.62      " 
C3)  N.  43''40'  W.       4. 73      " 

*  Fnr  cstrailvi]  InTt-Btigationa  on  nu^etiu  tk-clinatiun,  tec  C.  8.  C.  A 
O.  S.  BtporU,  lbT8, 1881,  ud  1862. 
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(4)  N.  45°  08'  W.  4.75  chaina  ; 

(5)  S.  51'  30'  W.  2.53      " 

(6)  S.  72°  SO'  W.  6.56      " 


To  allow  for  a  variatioa  of  two  degrees,  we  should  have  the 
following  bearings: 

(1)  S.   18°  53'  E. 

(2)  N.  50°  10'  E. 

(3)  N.  41°  40'  W. 

(4)  N.  43°  08'  W. 

(5)  S.  53°30'W. 

(6)  8.  74°30'W. 

346.    To  deduce  a  general  rule  for  obtaining  the  magnetic 
bearings  of  old  lines  when  the  variation  is  known. 


Let  NS  represent  Llie  dirvcUou  of  the  magnetic  meridian  in 

the  vicinity  uf  n  survey  luudi' 
tttiverul  years  ago;  y^S',  \U 
direction  sevcrul  yuaru  later,  at 
llic  time  of  re-stirvej,  and  Ural 
Uiit  uurlli  und  of  cbc  oeedle 
iKiioU  ^  farther  vn:et.  It  is 
L'vjitL'til  Uiftt  lit  tbo  time  of  tiie 
re-wifTfiy,  xhv  line  Y.S  will  bear 
N.  2"E..  and  OP.  which  accord- 
ing to  tlie  old  Biirvt'T  hears  N. 
ly"  E..  will  have  ita  bearipg  ia- 
creiuted  2°  or  N.  M"  E. ;  bul 
tlie  line  O.V,  the  bi'ariug  of  wlitch  was  .\.  .12°  W.,  will  now  bear 
N.  40°  W.  A  line  recorded  aa  caat  will  he  tracwl  by  a  coHrse 
S.  88°  E.,  aud  au  <»n. 

Sence  the  nth :  Increase  by  the  change  the  hearings  which 
are  nortliuasturly  or  Huuthwusteily,  and  diminish  by  the  i«ara<- 
nmounl  the  beurings  wliidi  are  nortliwresterly  or  soiitheasicrly. 
The  foregoing  ride  in  dii-ectly  u|)[)UL-abie  noic  in  the  I'nited 
t^tntes,  except  on  the  Pacific  coast,  hecaiiae  the  variation  Ih  Kvmf. 
That  lit,  ttip  north  end  of  the  uct'dlo  is  moviup  west,  thereby 
incr^tising  the  roaditige  of  bearings  in  llie  N.  K.  and  S.  W.  i|iii)r- 
ters,  and  dJiululBhiug  the  raadiu^H  of  tlioite  in  the  N.  W.  and 
S.  E.  quarUrs.  When  it  becomes  ea«f,  tbn  wonis  "increajsc" 
and  ^'dttninieh"  sboiUd  be  interchanged  to  make  it  correct. 
If  a  vernier  compass  t-i  U9cd,  the  variation  may  be  act  oflf  and 
the  linen  tniwd  liy  Ihe  old  bunrings. 

247.  Change  Deteimioed  by  Old  Lines.  If  the  bearing  and  date 
of  surrey  of  a  line  are  knuwu,  iiud  its  extrciuiticK  visible  from  each 
other,  setting  the  instrument  on  one  end  and  sijtliliiif,'  the  other 
will  give,  by  conipuriHOii  with  the  recorded  betiring,  the  mrintion, 

Nora.  —  Care  mnit  tw  Inlcen  by  the  inrrojrar,  wlun  called  upon  to  tub 
ont  old  linti«,  Ihc  comcrti  n»t  tH.'iiit:  iJcflniU'l.v  maTki.'ii,  ilini  tlit  limc  of  die 
farmar  lurvcy  lii'  known;  tin-  iUt«  uf  (In-  •li-ril  diKi  ii»t  indimlii  tli>l  i>f 
til*  -iiiTi>y.  Tlic  deitripiion  nf  the  linM  may  baw  fceon  co|>iF«l,  u  tli«/ 
frequently  nrr,  fn>m  an  olilcr  dvi-d. 
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The  variation  to  be  a[»]ilie(l  tu  con'eot  tnaguetic  bearings  is 
frequently  <leicmiineil  In  llii«  way. 

If  the  liuundiirirf)  of  »  irnvt  uf  land  are  to  be  tracitd,  whf^tbcr 
the  dat«  of  ibe  prtvioiw  survey  \k  known  or  nol,  tbc  surveyor 
seeks  to  find,  if  possible,  two  eonnccntivc  ninrlccd  poniem  ;  tlicn, 
talcing  tbu  Iteariiig  uf  tlwai^  and  cuiuita riug  nilli  the  rc'L>ord, 
he  otitaina  the  change  sniigltt. 

Tbia  change,  properly  applied  to  tacli  side,  should  indicate 
its  direction. 

Il  fri!4pioiitly,  niid  hi  largo  tracts  gonerally,  happoiia  tlint 
though  the  coniera  at  the  end  of  n  line  may  tie  cAtahiiKhod,  tliey 
cmiDot  be  oljaervcd  from  each  other.  In  such  cuac  run  a  lino 
as  nearly  n»  poBnililt.-  IVom  one  ctirner  towni-da  the  other  by  tbi! 
bonriuf*  given  in  the  deed,  or  make  lirst  an  nllowance  which  ntay 
Sf^m  proper  from  the  data  at  hand ;  measure  from  tlie  end  of  tlie 
line  thus  ran  the  distance  to  the  true  t'onu-r.  and  l>y  the  H'.A. 
rule.  Article  177;  or.  by  tliL-  lHiii;eiit  iiiethtxl.  sunic  itrlivte,  find 
tli4i  angle  to  be  adili^d  or  ftubtrueted,  as  the  caae  may  refjuire,  to 
eorreet  Uie  beariiii;  wil.li  whicii  to  run  thif  Hrie.  The  difference 
between  tlie  bearing  given  in  the  deori  and  tiie  eorreeted  beniing 
will  tie  tli«  change  in  tbo  dvcliuation  since  the  survey  recorded 
'm  Mm  devd. 


EXAMPLES. 

I.  A  line,  said  to  have  lieen  .tuiTeypd  in  1860,  recorded 
N.  lb*  3U'  E.,  2i.HJ  cliaiiiB,  watt  run  in  HSo  with  a  beaiing 
N.  IU'*4ft'  E., —  the  variation  being  about  3'  to  the  west  per  year 
in  ita  locality,  —  and  the  corner  was  7  linko  to  the  right  (farther 
eutcrly)  of  tho  crd  of  the  lino  run.  The  coiTCCtod  magnetic 
bearing  and  variation  are  re4|uired. 

57.3  X  7 


I'  l&'  + 


24.4(1 


Adding  the  variation  to  the  bearing  of  th«  line  rim,  aince  the 
comer  wna  farther  to  the  east,  there  reeulta  N.  19*  5fi'  E.. 
ilbe  corrected  mnguetic  bearing  of  the  line. 


1"  15'  +  10'  =  1"  25'  =  variaUon. 


2.  If  in  Example  1  the  corner  Iisd  been  found  7  links  to  tliO 
left,  wliat  would  bt;  the  correct  bijnriDg  of  the  line? 

8.  A  line  which  in  IHGH  ran  S.  ^4°  15'  W.  18.56  chains,  ir»- 
IRftS  bore  S.  35'  3&'  TV".  What  waa  the  ftverago  chango  'UM 
the  derliniiLioii  per  jear?  ^| 

4.  Give  Hip  pon'ectwl  magnetic'  bi'urin};;  Tor  18*6  of  a  line  la. 
ttiu  MHuii!  lucuiily  iM  tbat  iu  Exaru|>t<-  ii,  wLicli  in  lH6ii  mudam 
eiist. 

5.  In  18T6  a  line  had  a  bearing  S.  m"  45'  W.  IG.80  chains: 
in  1^86.  nmuiug  by  Ibe  same  bearing,  the  true  comer  was  iO 
links  to  ttie  norllu  Give  tbe  average  annual  change,  aod  cor- 
rect tlio  Ueoi-ing. 

C.  If  u  line  fiO.OO  ctinins  in  length  were  surveyed  Id  the  early 
port  of  the  day,  wh«re  the  needle  deviates  5  minutes  east  of 
the  nionn  magnetic  moridiiin,  rtnd  the  ^mo  litie  snr\-t,-yed  Mon 
after  tiiid-d!iy»  the  ueodlo  then  |»ointiiiii  5  minutes  uvat  of  tfa* 
mean  magnetic  meridian,  how  &r  apart  would  ibc  lines  Im  at 
their  cndu.  and  what  the  arcu  included  between  theoi  ? 


248.  To  Obtain  the  True  Bearing  of  a  Line,  that  is,  the 
bearing  with  ri'Hjiucl  to  tUu  geogra[)hical  meridian,  when  the 


VARIATION   OF  THE  COMPASS. 


218 


i  CAst,  or  soutli  ftiid  west,  as  OP  or  OP*,  will  b«  /»«  refBired  to 
I  JUS  than  wlien  refeircii  to  .V'&"  by  th«  amount  of  the  augle 
]        2fON'=SOS'=  the  declioRtioa. 

I  A  line  running  between  nortli  find  west,  us  03/.  or  soBtb 

anJ  east,  a*  O.V,  will  evidently  have  its  bearing  increued  by 
tbv  uiuoiiut  of  Uic  cliange. 
j  The  reverse  ie  true  wliere  the  declination  La  «(i«f,  iia  may  be 

!         pcrreivftd  hy  reference  to  the  rifrht-hand  tijii"'s. 

Hence,  to  get  the  triip  1it?nring  from  the  magnetic  for  nil 

I        placed  east  of  the  line  of  no  d«clin:ition,  i.«.  where  the  derlina> 

I         tion  in  uTft,  Kitbtruci  tlio  declitintiou  from  »  bearing  which  ia 

^^   northeasterly  or   south  westerly,  uiid  n<i<l  the  decliiiatiou  to  a 

^K  braxing   whieU  is  northwesterly  or  southvtistcrly.     Where  tJie 

^^  declination   is  east,   t\s  at    nil    plat^ea  west  of  iLw   line  of  no 

dfrliuttUou,  (i'/t(  tlic  ilfdiuaiiuu  to  a  bearing  which  is  nortli- 

I        eaatcrly  or  southwcaterly.  aiiiL  auhtruct  tLu  declinution  fruin  n 

bvflriu)^   whioh   \»   north wef^torly  or  southeufiterly.     Where  the 

declinnlion  is  wftt,  n.  henring  that  rciuU  north,  when  rednced  to 

the  tnic  hearing,  will  evidently  he  west  of  north   the  sinonnt 

of  the  declination  ;  if  tliu  ducliniition  is  3°.  the  b<;unnt;  will  be 

K.  3°  W.,  and  supposing  the  eanio  declination,  a  line  runniog  due 

east  nijignetically  will  hv  truly  N.  87'  E. 

The  reverse  of  the  laul  |>a.ravraph  ik  true  where  the  declina* 
tiou  18  east. 

ItKutitK.  If,  »hrn  Applying  Lh<'  nilir,  &  ncEnlirr  rrmilt  is  oblAJncil,  cnre 
muat  lx<  i'xerci«^i]  in  Ihe  inU'r[<retattoa  of  )[.  For  exninple,  \t  ((il'  dfi'llns- 
lion  t*  -1°  Wcn,  an<]  ihf  neu'llc  iinJicnU'f  th<-  licnnnji  of  a  tine  N.  1°  E., 
UiiTC  rviutu.  by  tlif  rule,  — Z'.  Tliiii  nUavn  ftiniplf  ttiat  Hit  inic  bcnntig 
la  to  thp  NVjf  of  nnrth,  or  N.  2*  W.  If  tho  hi'iiriiip  it  8. 80"  E,j  mltUnft  the 
(lecUiial'iun,  an  Uic  rule  require*,  nivva  vvldtDtlj'  lliir  rekdlnn  N.  88^  £. 

Reduce  to  their  true  bejirings  the  followinji,  the  declinatloi) 
being  2"  55'  W.  : 

N.  2°  l.i'  K.,  East,  S.  la'  E.,  South ;    S.  87'  SO'  W.,  N.  m" 
,        15'  W.,  North. 

AUo  the  following,  the  derlinatioD  being   3°  40'  E. : 
N.  88°  E..Ea«t,  8.2°  E.,  South;   S.  88' 30' W..  N.  iO'W., 
>'orth. 


su 
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349.  To  AtcertaintheDecIiaatioa.'  IfageographicnlnierUI* 
iaii  w«i'r  ti'tu'oil  on  tlic  i:tvrl\\  i-oiivciui-'iit  Ui  the  oja-niUuaa  of 
the  «iirv*vor,  he  wouiii  Imvp  the  moans  alwnys  nt  tinnd  by  which 
U>  (lctei-niiQi>  the  diiclUiatiuii.  H«  could  simply  Act  iip  biti  in- 
HtnmiviU  lit  tt  poiuL  mi  tliv  lueridtftu.  take  the  betiriug  of  uuuther 
point  in  il,  and  tlie.  rea<Iing  woultl  \ie  the  decVination.  So  tlie 
problem  rcsulvmH  itself  iulo  ihu  ilet'CrinuiutioD  of  a  giiogruphtc 
or  trio  rneridinn. 

250.   By  Polaris,     ir  tiierc  wtu  a  cctcatial  object  precUely 

&t  the  point  where  the  iirolongation  of  the  enrtli'ii  axis  picroM 
Uie  uek-stiiil  sphere,  the  ilirei'tioi]  of  thv  un^ridiuti  l-uuU  Im>  i>b- 
ta^DMl  hy  oitiiply  lighting  to  tin-  rtl>Ject.  Thit*.  lio»evi?i-,  in  out 
tlie  ciuie,  but  Polam.  or  Alplm  Ursii;  Miaoiia,  U  a  star  vrho^e  ■ 
polar  dintancc  is,  Jumitiry,  1>^H7,  1°  17'  3tJ".t  Mid  which  appar- 
eutly  rovolvcH  about  tbu  north  pule  in  S3  hours  56  ininittes.  H 
tli4>rpforL>  cnluiiiiati-e  twice  daily,  iim)  twic«  it  attaius  it«  grcBt««t 
diiitatico  directly  nast  and  west  of  the  iwle,  called  respectively 
its  i-o^tvru  niiJ  wtrstero  trlou^nliou.  If,  Ibfrt-forL'.  IUl-  I'oltf  Star 
cuitld  be  obscrviMl  »t  the  iiistnut  of  it^  culiuiiiiitiou,  the  Uuv  of 
uigbt  would  be  in  the  moridioii  plunc:  but  utiic-e  io  geuernl  the 
local  tiiuv  of  iraiiMit  w  not  |ircciN>i-ly  kuon-o,  nod  siuce  the  star 
is  then  moving  at  right  augleK  to  the  plane  of  the  mendian 
ri;eiJ<.-L'ling  which  its  muUuu  is  at  that  Liiut.-  u  mnximuni,  and 
oonHL'(|ueiitly  n  email  ditference  id  lime  iroiild  introduce  a  coo* 
iiidi:'ral>k'!  ori-or  in  tiro,  this  nictbo<l  h  not  ti»  ivlinble  as  that 
by  means  of  Polnriti  at  Its  eastern  or  wcfltt?!'!!  elongntiou,  as 
then  ilw  Ktar  for  a  few  minutes  u|t]>enrK  to  move  in  tlie  direction 
of  the  vertictil  wirsi  or  coiupaeiHcilitt  thus  ui¥urdiiig  u  favorable 

*  For  oilier  niciliodi,  s««  Clinptt-r  II.  Section  L,  Solar  Attach invBt; 
and  ChnpUT  VI.,  Art.  SoUr  Compaiw. 

t  Its  polar  dUtancc  it  dimliiltliLitg  at  Ui«  r»t«  of  SO"  (19.09")  per  yrir. 
TliU  (Ucuiautiun  will  cniitinuv  until  ili«i  tlar  la  within  half  a  degree  of  ito 
poU',  whon  it  will  rvi-eilp. 

hi  1dO(]  Jti  iiolar  il>)tanc'c  irill  be  1°  t<t'  43". 

In  IIUO  ill  pnUr  dlMance  will  be  1°  IS'  3S". 

In  L»10  iu  polur  didancc  will  be  1"  10^  se*'. 
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opportoDity  for  o))6erritig  It,  and  the  |>rec)se  time  of  observation 

need  not  he  known. 
\  Conccivtr  a  splicrical  triatiglf.  the  rerlice«  of  which  ftre,  2, 

J        the  zenith  of  the  observer ;  J',  tho  uorth  pole  ;  auil  i>,  I'olarin. 
J         This  triitiiglo.  wUt'D   lli*!  mar  is  at  «n  p 

^^_  elongation,  will  In;  right-iiii^Wd  at  the 
^^ffltwr.       Ill   this    riglil-Hiiglcd  H|)herirji] 

^^Vtriaogle  are  known   the  <;o-lntitu(lL-  of  /  ^S 

^"■the  observer's  stntioii,  and  the  t-o- 
r  decliiiHtion  or  point  clintuuGe  uf  the 
I         atar.  to  find   the  iiziitmih*    an<\   hour 

angle.t     I/aiiic  nittmnl   fiinrtiune,  Ihv     ^ 

tCormttlA  for  the  hour  (laglu  is  009/*=  tun  FHvolFZ,  auti  for 
tite  nzimutli, 
_;__  r,     «in  PS      flin  PS 
i 


f 


siu  Z  = 


tiiu  PZ      COS  lat 


It  may  be  welt  to  remiirk,  ttioiigh  it  hiu  outy  a  theorfticnl 
eignlHounce.  that  tlie^ie  forrniilnfl  mo  not  npiilimhle  to  nil  north 
latitiKles.  lu  other  wonlw.  thete  will  Ite  tio  li'>iir  niiglc  shown 
hy  111*  flr«t  fonmiin,  nor  nKLTiiiil.liinl  anjiU-  hv  tho  si'poiid,  on  that 
parallel  of  Ixtitmlt-  which  n|iree!i  in  nic-  tUsUauce  with  I'olnris 
fn»m  tbf  equator,  niid  for  any  poiut  bL-lwc;(;ii  thiit  punillL-]  und 
Ibt.'  polu  tb(j  foniiiihis  fiiil. 

This  remark  is  in  general  applicable  to  any  ctrcuftipoliiT  stflr. 

QCKKtEH.  Ih  PolnrJR  a  longer  time  pOBgin^  Trum  eastvrQ  to 
w^nburu  eloDgaliou.  ihaii  finiui  wi-Mlvrii  to  ea^lvrn,  to  au  o1^ 
server  whose  latitude  i^  -lO"?  WImt  in  the  difference  in  lime  to 
au  observer  whose  lutitiide  is  I'O"?  8ii°?  Whore  would  this 
difTcrence  bo  a  mimimiiin  ?     Where  a  maxiimiin? 

*  The  KEimudi  at  a  •ur  t»  the  nnitic  Iwttvccn  the  mrridJati  pUno  s.n<l 
ifae  VCitiGal  plane  chrou^lk  ihc  Btnr. 

t  Til*  an^o  SPH  iDi.-1u(li,'d  liccwoen  tlie  meridian  pUnc  I'Z  nnil  th* 
planp  PS  pMMinH  Ihrouuli  Hit-  iiar. 

t  The  irimutti  of  I'(klnri«  nt  plnn^tBtian  vftric^K  with  tdo  iMllude  uid 
with  the  year,  u  may  'be  Kvn  by  the  table  on  p»K«  S17 
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2S1.  Table  of  lD«aa  local  time  astronomical  (from  dooq)  of 
tUe  elougatioiis  ami  culininatlonH  of  Polam  for  18^d,  latitude 
40',  aad  lonf^itnde  C  hours  we»t  of  Greenwicli. 


FiuT  Vxy  or 

K.K. 

u.o. 

W.  K. 

L.€. 

I.  m. 

0  .15,S 
ii  3V.0 
iO  88,0 
IS  30.4 

ifl  3»e 

U  SIX) 

12  39.& 

10  3«.l 

8  86.6 

e  a»Ji 

4  87 .0 
2  .18.1) 

6  W» 
4  27.0 
8  $7.1 

0  i&a 

22  33.3 
S0SI.7 

18  84.2 

19  32.8 
USU 
12  33.n 
10  S1.7 

8  S8.6 

Km. 

13  34.9 
Hi  82.2 

»81.8 

6S97 

4  81.8 

i  903 

0  .tj,!; 

22  2'^ 

20  30X) 

18  28.2 

10  26.4 

14  S«.2 

k.   «. 
18  48.0 
IS  8&.R 

14  So.l 

15  SS.1 

10  a&3 

8M.7 

i  Hj6 
i  $3.8 
0  3A6 

23  ieoi7 

SO  31j6 

NiiTi-Hilier 

I 


To  concei  tlie  taliulnp  times  so  n»  to  a[>ply  to  any  year  fibtt- 
{fuent  U)  13i*j,  (ulil  0.^,1  niiiiulps  fur  pvery  year.  Ffw  any  year 
/freri'oir«  to  tliat  date.  »vl>tn\ct  O.Sd  miuutea  for  ererv  year. 

For  daya  not  given  in  the  table,  iriteri>oli»te,  or  lUlow  3,d4 
mioutCB  (or  c«ch  day,  tlic  limes  \-aryiii^  by  tliin  aninant. 

To  allow  for  diffprcncp  of  Intititdc  between  the  limits  of  30" 
and  50%  «(/(/  O.Il  for  i>v(fry  ilegret  south  of  40* ;  mibfraet  0.18 
for  every  degrei*  nortli  of  40". 

To  refer  the  tabular  times  to  any  year  in  a  quadrieoamm, 
observe  — 

For  the  firat  year  after  a  leap  rear  the  table  iv  perfect ;  for 
till'  8ifL>uiid  year  nftwr  a  leap  yi?iir  tidd  1  minute ;  for  tlie  third 
year  after  a  leap  year.  fuM  2  ruluiitesi  for  a  leap  year,  and 
before  March  1,  add  3  minntea;  and  for  the  remainder  of  Uie 
yeoT  ml/tnct  1  minute. 
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■It  will  be  noticc<l  Uint  tb«rc 

occur  two  eosteni  eloagntiouB                     1 

OD  Jaq.  9,  aad  two  westera  elougatioua  ou  July  IJ. 
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252.  To  EttebUsh  a  Trne  Ueridian  with  a.  Tniuit*  Sw 
that  the  iu»liiiiiK'rit  l»  iii  ^outl  lulju^tmoiil.  AUou*  i)(id1'-ic»it 
time  before  an  i-loiigatinii  of  tlie  star  to  "set  up"  lliR  liaiisil 
Id  a  desirable  puaitioD.t  i^ce  that  it  is  planted  firinlj.  IcrcM 
ciirclblty.  umL  liiat  Llit!  crosH-wircs  arc  illuiiiiiiatiMl  \  And  prop- 
erly fo<,-ueed.  For  convenience',  set  tlie  vernier  at  xero,  ind 
unuln]ii|>  Uip  liiwor  plat«. 

Ohserve  the  Mt:ir  n  few  minutes  before  tta  eloogatioD.  uid 
kc<.'p  ttiu  VL-rtii^l  niru  oa  it  by  I'lnmpiug  tliu  luwer  plate  Ati^ 
ueiiig  tlie  slow-uiotion  screws  attaL-lied   to   it.     Wlieo  it  hm 
attnincd  itH  grentost  donation,  it  will  nppfinr  for  ft  few  momcntB 
to  coincide  witU  the  vcrtiwil  wire,  mid  then  retrograde.     In- 
daEii[i  tlie  vumitT  plutt-,  and  turn  off  witJi  it  the  iuuouqi  of  llie 
nKiiuulii  i  cinTe--4tK>ndiiig  to  the  tiinu  itud  pUice  ns  givcu  in  ibe 
table  of  the  preceditig  article.     The  teIe8cop«  will  tbea  point 
in  the  direction  of  tlie  truo  moridiiin.  iind  n  mnrk  should  hp  set 
at  a»  long  range  a«f  [iractic-able.     If  prvferrod,  a  titake  tnajf  1« 
set  Iq  llae  of  sight  at  elongation.  leavEug  the  turning  off  of 
nziiiiiitii,  and  setting  mark:  in  meridian  until  tlie  next  day.     Tt 
would  bo  a  little  oioro  accurate  to  tjike  the  rncau  of  several 
obscrvntinns  —  direct   and   leverse — -at  eastern    and   wcatern 
elongations. 

*  Ann  Solar  AttachDiciit,  Cliaiitcr  It.  Section  L:  alto  Solar  ComiiMi, 
ClmpWr  VI. 

t  Twenty  lo  thirty  minuitB  uftuully,  i)L-|itn(liint  ii|iiin  the  ubaenriT. 

J  Parfurntiul  nilvvrt'ii  r<<n(.>(.-li>rB,  for  tUis  piirriunG,  ciiti  Ix?  obtained  nf 
inttrument  mnki-re.  Or,  ciiror  with  wlii(«  [)n|ior  n  bonn)  13  or  IS  iiicliv« 
iqunrr.  tirnkv  a  iH^rfnrntinn  thrciiiiili  it  tif  3  or  11  inchr*'  itiitincirr,  and  ntll 
on  A  plL'C'L'  at  tiuBTil  in  hulil  a  cnnJIc-.  Thta  reHi'L'ior  mii^'  bo  alucheO  to 
a  ilnlT,  thnt  it  can  alidf  up  aaii  down,  nnil  nilj-UfU''!  to  ihc  licinht  of  the 
leltricope  Ic  aliould  be  (jlaoerl  bIiout  a  loot  from  the  objecl-glaa,  »o  thAl 
tho  rptlM:Ui>ii  (rum  (Ii<-  imixT  will  n-tidcr  iht  uroBt-wirM  rUiblti,  and  U 
■uch  a  hviglit  (iiHt  the  ttar  luti  br  irlnvrvcd  t1irutij{li  ihu  opening. 

{  The  mpriilinn  will  lin  tit  llip  ni/ni  nr  cttHt  nf  the  tlinpcttan  of  th«  te\e- 
•cope  when  olongnlion  was  ob4erroi],  according  as  tlic  clonf[*>Ion  wai  Mft 
or  we»t.  Tlic  nzimutli  matt  be  tumeil  oft  acconlinnly.  Since  ihe  dirtc- 
ttoii  of  Ihe  lini*  from  the  uUitrvur't  tutiuii  in  tUe  *uu-  nt  clontnuion  il 
kiwwii,  tlic  decliuation  may  hv  ii«ccrlAined  even  hcfo[«  the  oicritjisa  it 

GtlAllUllltll. 
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253,  The  Direction  of  the  Meridian  may  Iw  fonnd,  tbcragb 
kfcs  accurately,  bv  tuonuB  of  a  conipajMi-sight  and  plumb-line. 

Take  u  smooLli  plaiik  About  <i  fcit  in  kn^tli.  aiul  iix  it 
firmly  IcTcl,  Mid  nearly  cast  and  west,  ou  supports  about  2  f«et 
bif^b.  Attach  a  compiuts-ftijilit  to  a  board  C  or  8  incliP3  square. 
At  li  or  20  fent  uortli  of  tbe  plunk  ti(i«|i(.'ud  n  plutiib-liue  by 
■rtiflcial  BUpporU.  fruiti  utoiiie  projecting  point  on  n  building  or 
at  tbp  tfud  of  ti>  itttiif  proJE'Ctiiig  from  a  hi^ti  vriiidoir. 

Al  fifteen  or  twenty  ruinulcs  ln-forc  tlio  time  of  cloiigatiou  of 
tbe  star  let  an  (i»9i»'tant  hold  n  liglit  In  aucb  posiliun  that  thfi 
plamb-linc  may  bv  diHtinoUy  suun  tbroti^rli  tbu  ootiipnss-sight 
«beu  |)1ac«t  ou  tbtf  plauk.  Move  tlie  Higlit  until  the  pluinb- 
lioe  coveni  the  star.  Continue  Ut  kccj)  the  star  aud  line  in  that 
tclatiTc  poeitiou  until  tlic  titiir  bc|i:iu9  to  retrosrad«.  Tbe  direc- 
tion of  the  tine  of  sight  thun  corresiwudo  to  that  obserred  by 
the  truostt  as  itidic-iited  In  the  (i»-i;i-ilitig  nrtioli? ;  nnd  npi^lying 
the  aziuiutb  tberviii  directed,  llic  meridian  may  bp  set  out.* 

i 

"^  254.  Xo  Obtain  approximately  tlie  Ueridias.    In  old  works 

OD  surveying  it  is  staled  lliat  ibo  north  star  (Polaris)  is  very 

nearly  the  mcridinn  whi;n  it  hihI  Aliutli  f  itrc  in  the  same  vertical 

|ilaiie  or  line.     Others  add  llio  time  Mmt  niuttt  clnpsu  after  one 

k  vertically  nbovo  the  otbi'r  bofort*  the  ni>r11i  star  makes  its 

IraiiBil,  and  then  by  sif^htiog  tbe  north  ator  at  that  instant  th<' 

ineridiaa  may  be  found. 

This  iotArral  is.  January,  1887,  nearly  half  an  boor.     Other 

stars  are  now  used.  b«ing  more  suitable.     Zctn,  or  Mixar,  the 

star  n«xt  to  Atioth  in  the  tail  of  the  (ireal  Beitr.  comcu  to  the 

meridian  now  almost  aitaiillanenualy  with  Polaris  and  at  a  con- 

Yciitcot  time  in  the  autumu  nml  early  vriul«r  to  make  the  obacr- 


*  If  poMlhlo.  a  niglil  ■hotiL'l  be'  cho^t'ii  wlion  llitre  ia  no  >Tin(l.  ThS' 
■l^htcit  -liilurbancc  in  the  ■ircuuM.-B  cnmiilcmt'lc  ribTntion  ut  Uic  plumb- 
Um.    Vtiog  a  hMTj  "  iKib,"  and  alluirliit;  li  to  vibrate  iu  a  veMel  ot  wi.t«r. 

^rill  tend  to  tbf'  accnrai^y  (if  lhi>  roaiilu 

^1  t  Atioth,  or  Epsiluii :  tin-  etur  itt  itir  tail  of  the  Great  Bear  nearest  tike 

^tadriUleTEl. 


290 


PLANE  SURVEVEKQ. 


vatiOD.  Delia  Caseiopctii?^  which  Ss  on  the  same  ei<l«  or  the 
pote  K»  Potarii«,  in»ke8  JU  transit  ilIko  shout  the  snine  ^m«  wiib 
it,  and  mav  be  used  in  the  apriiig  and  carl;  summer  fchen  It  is 
Dot  practicable  to  make  use  of  Zcta.  To  make  cither  of  the^e 
obscrrntioiin,  use  a  trnnfiit,  or  n  pliimh'linc  and  compa8S-(»i^bt, 
as  cxplnincd  in  the  preceding  articles :  wstvh  the  movomcnts 
of  Ihf  Btars  until  thuv  L-oiut-ido  iriili  the  plumb-line.  The 
(lErection  of  tti«  line  of  sight  thru  will  indicate  finite  cloBcl/  Uio 
meridian.* 

*  Ttie  Ti>rticnl  pluiK-  incluiUni;  /eta  bimI  i'ulnrii  u  a]owly  moving  otui- 
waril  nl  abuut  tilt-  r«l«  of  Iwn  minute*  in  tix  ^eaw.  At  Ihie  prvs^ut  time 
(ItlST)  Polftris  is  nn  the  tucridinii  nlimii  two  niitiiKt-i  before  Zeta  ot  the 
GtMl  Bi-ar,  but  in  «ijt  yvar*  tlioi(  rtMipL-clivt.-  upjuT  wiil  lowpur  tranxift  wiU 
ooinelEtu.  Till;  vcriloal  ttlAuc,  InclndinK  Delta  Cutiopein:  aai  Voltui*.  i» 
irovinu  wpulnrnrc)  Kt  nbimt  llic  lanir-  mUt.  Polaris  now  ComM  to  the 
meri'lian  obout  one  minute  b(<for(>  thii  tur. 


CHAPTER  rV. 


LATffla  OUT  AHD  DIVrDIN&  LABD. 


SECTION  I. 
Latino  out  Land. 

a.  tbianolbb. 

2S5.  To  lay  otU  a  given  quantity  of  land  in  the  form  of  a 
triangle  when  the  length  of  the  base  is  given. 

Denote  the  given  area  in  square  chains  or  square  rods  1^ 
A'  the  length  of  the  base  (referred  to  the  same  unit)  by  &, 
aad  the  imknowii  altitude  by  x.    Then 

Measare  the  base, 
^  at  uiy  pcnnt  in  it  erect  a  perpen- 
dicular equal  to  ^-      Join  the  ex- 

D 

tremity  of  the  perpendicular  with  the  extremities  of  the  base, 
ud  s  triangle  fblfitling  the  conditions  of  the  question  will  be 

exhibited. 

256.  When  the  area  i»  given  and  the  baae  and  altitude  in  a 
Ji'twmio. 


af 


K 


y 


It 


'  ^  not  let  ^  denote  the  number  of  ktc*  ? 

Kon.  The  locna  of  the  rerticesof  the  tiianglei  Muwering  the  conditioni 

'■■lintpmDel  to  tbe  Rirni  hue  ud  u  k  diirtuice  therefrom  =  ^ 

o 
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Deeiguate,  as  before,  the  area  by  A,  the  base  and  altitude 


m 


respectively  by  x  and  y,  and  -=  -  the  ratio ;  then 

y     n 


%An 

) 

m 


Or,  let  mx—  base  and  na;=  altitude  ;  then 

m,na?  =  2  A; 


whence 
and 


Am 


\  mn 


2Jn 
m 


257-    (?j're?t  area,  fiase,  and  one  ride,  to  make  a  given  antji^ 
with  the  biisv. 

Denote  the  base  and  area  aa  above    ^ 
then,  since 
P^  PN=  OP  sin  O, 

bxOP  sin  0 


and 


A  = 


0P  = 


1A 

6  sin  O 


EXAMPLES. 

1.  Lay  out  an  isosceles  triangle  to  contain  6  acres,  making- 
the  base  \  the  altitude.     lx)cate  the  altitude  and  find  its  length. 

2.  Lay  out  a  right  triangle  coutaiuing  4  acres,  having  the 
baBe  \  the  altitude. 

3.  It  is  required  to  lay  out  2  acres  in  the  fonn  of  a  triangle, 
the  base  to  lie  7.50  chains.  Find  the  length  of  a  side  of  this 
triangle  which  shall  make  an  angle  of  40"  with  the  base. 


3S9.   Oiven  the  area  and  the  two  »i^ii,  to  latf  out  the  triangle. 
Denote  the  given  sidra  by  b  and  c,  the  area  by  A,  and  ihe 
uukoowu  auglt  b;  a  ;  then,  niuce 

sin  a  =  A, 


Bin  a=  — »— 

OG 

EXAMPLES. 

1 .  Find  the  side  of  an  ecjuilatem)  tri&ngU  containiog  one 
Bcr«. 

2.  What  IB  tlie  altitude  of  the  triangle  in  Example  I  ?    How 
'"r  ii  it  from  the  foot  of  tliL-  |j4.-r[H'Q(liuuhki-  to  lliu  centre  of  Une 

How  far  from  eitlier  angle  to  tlie  centre? 

3.  Ijy  out  n  trinnglc  rontAinlng  '2  acres,  two  sidoa  U>  be 
^  cluliia  uui  G  chaina.     What  must  1)e  the  included  angle? 

B.     QUADRlLATSRALa. 

2G0.  7b  lajf  tnit  a  given,  ijuantiti/  of  land  in  Ch«  form  of  a 

iVuote  tbe  required  area  in  square  uhains  or  square  roda 
"y  A .  and  one  of  the  niAcn  by  r  :  th«n  a-  =  y/A. 

Mi-asiire  a  disUnce  fC|iml  to  the  V  .^4 :  at  each  extremity  of . 
">i«  lint  erect  a  perpendicular  of  the  same  length:  connect  tbe 
*lte«initifii  of  the  perpcndicHlars  ;  tho  flRiire  will  lie  n  sqnnre. 


262.  C^i'ven  [ke  area,  and  the  length  to  the  t/readth  in  a  give* 
rtxtio. 

Denote  the  iircsi  ns  abovM ;  iJie  leugtli  and  bre&dtii  respoo 
tively  b;  x  and  'j  ;  "t  aud  n  their  rntio^  oo  that 

Xli«a,  BiQoe  itsr  =  ^,  there  reeuite,  by  substitutioo, 


'  n 

'  «n 


whence 
and 


)»a;  = 


=  \- 


lu  = 


m 

Or,  let  mx  =  tbc  length,  mid  nx  =  the  brcwdlh  ;  Uieo 

nijue*  =  A ; 

\Ain 
— ■» 
II 

/^. 

*  m 

263.    Given  the  (tren  mut  (ftn  intra,  of  the  iMtijtk  and  breodJA. 

IJeuoU:  the  aum  of  the  sides  byS'y  Uie  other   notatton  » 
alwve;  then 

and  ai  +  ff  =  S; 

« hence 


^^^+VS'-4^^ 


and 


y= 


5-V^-4^ 


^  EXAMPLES. 

I.    How  many  rods  iq  encli  side  of  ft  tqiuire  lot  nliicb  ood- 
nB  1  acre?    How  many  elinina?     IIow  many  yartlb ? 
2.    Lay  out  G  acrc»  iu  tbc  form  of  n  rectangle,  the  Icngtlt  uf 
ooe  Bide  to  be  10  diaintj.     Kind  the  ^idjitcont  side. 

I  S.  Find  the  ai^es  oT  a  recfaiot^lc  wbicli  ehall  contain  15  acrest 

*and  the  length  |  the  breadth. 

4.  It  U  rcquirut)  to  lay  out  a  rectangle  containiitg  IS  acres, 
<■<>  that  the  sum  of  two  adjao«Dt  sides  aball  v^fual  2G  cbaiuu. 
^V'liai  muet  Lie  Uio  leiigtiii  and  lireiultb? 

^.  Fiml  tbc  Bides  of  a  rectangle  which  shall  noutaiu  640 
t)<iuare  rods,  and  the  difference  of  whose  &ideB  is  IU  roda. 


F 


Pakali.kuvikama. 

366.  7b  fay  out  a  yiven  quantUi/  of  faiid  in  the  form  of  a 
pf^milttoefram,  the  ba»f  bfinrf  given. 

Oenote  the  area  and  hnsc,  »fialKJvc,and  the  altitude  brj; ;  then 

Prom  any  point  in  the  base  erect  a  perpend irnlnr  f;t\i.ia,\  to 
^  -t-  ft.  and  tbrougli  ttie  pxttcmily  of  tlie  per|)eiKlJ(-'uUr  rnn  a  line 
P*ralle]  and  cquul  to  (Jic  bn»e :  a  iMLrallt-lu^riiui  will  thus  bo 
forioed,  fulfilling  the  couditiona  of  the  question. 


Asia  a 


Turn  ull"  fit  L  Jiiid  S,  tlio  giveo  augW,  ini'Asur?  the  (K»- 
tHncee  /,/*aucl  .VJf,  equal  x,  and  ronaect  -V  and  /*  for  the  dc- 
eircil  figure. 

367.  Given  Uie  area  and  two  adjacent  »idts,  to  find  the  tnc/udrf 

Drnntc  tliR  sides  by  b  ftud  c.  their  included  angle  by  a,  and    ^ 
the  ari>a  as  above  ;  then 

iKrisia.  =  A\ 

be 
<JiT.iUE9.      "WTiat  will    the    Qgurc    become  when    fte  = 
VThea  b  =  <.-?      May  the  product  of  Iq  be  leas  than  A'i     Cao 
espreBsion  for  the  sine  be  obtained  for  each  case? 


whence 


sin  a  =- 


EXAMPLES. 

1.   It  is  required  to  layout  u  pariillolc^ram  to  contaia  200 
square  fckIs,  liaviug  a  base  of   s!0  rods.     What  muat  be  th*  J 
altitude  ?  " 

8.  If  in  EKnmple  1  it  is  i-eqiiircd  that  the  perpeadioular  sliaU 
P  M     He  erectiKl  «C  the  middle  of  Uie  baMt* 

aud  tonninatc   at  the  angle  P,  aa 
per    figure,    -whnt    length    muat    ba  { 
giveu  Zi/'i  aud  wbut  Uic  maguitudtt 
of  the  augle  L'i 

3-    It  ia  required  to  lay  out  a  parallelof^om  to  cootain  48 ' 
square  ehalna,  one  aide  to  l>e  8  ohains.  and  the  adjacent  angl* 
70".     What  must  be  tlie  length  of  the  adjacent  aide? 
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Wt. 


It  Ii  required  to  lay  ont  n  pnrHllvlogrHni  to  contain  2.4 

acree,  the  baac  and  adjacent  Hide  U>  bn  resjit-ctirel^v  G  and  fr 

ioB.    Deterraiuo  the  altitude  and  tell  bow  to  lay  out  tbo  Innd. 

&.  It  U  rcf|uired  to  lay  out  a  rhambuu  to  eontain  3S  Bquare 
ehaiDH,  each  aid«  bo  be  6  L-lmins.  Compiit«  the  nlUtude,  and 
ilate  bow  to  set  out  the  tract ;  that  is,  to  estHbliah  every  comer. 


C.  POLYOONB. 

To  lay  out  a  jfiven  ijuautUy  of  land  tn  the  form  of  a 
Ttgular  jtoljUfon  of  any  mnnhcr  of  aides. 

DeaoUs   the   area   by   --l,    the   number  of   the   sides    by    n, 
nndtbelengthof  one  of  the  »idM,  as  P.Vinlhe    p        L        fr 
llgiire,  by  z.  and  O.V,  the  radius  of  the  circum- 
•cribed  circle,  by  j  ;  then 

n>iOLxL2f=A. 


BiittbesDg1ei^0.V= 


180' 


0L=-  col 


.*.  nx  jXOOt 


ISO* 


'A. 


Whence 


x=i 


AUu 


180° 


y= 


2  sin 


180= 


3!  180° 

=  -  coscc 

2  n 


Tolayontthetnirt,  And  by  tlie  alxn-o  formula  the  length  of  one 
side,  aa  /^A'.  andatjtkeit  out.  Then  with  an  instruiDnnt  formeas- 
nring  aniflua  (tntaiiit)  ect  up  at  cue  cud,  as  A',  sight  L,  plunge 

tho  telescope,  deflect to  M.     Measure  JV3f  a  JVX.     Remove 

» 

the  instnuneat  to  3/,  d«^flect  from  the  [)roloiigiitioD  of  MN,  as 
ifore, ,  measnre  ^f^'.  and  so  continue  aronnd,  locatinii;  PQ-, 
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and  Soalljr  retorolog  to  h.     Tbe  figure  will  be  tlie  polrgon 

required. 

In  a  tunall  polygon,  if  Clw  oeotM 
is  fixfd,  it  will  te  bettor  to  Mt  np 
on  it  nnd  laeaRure  therDfrom  a  di»* 
tADCL-  .tf  \a  .V,  turn  uS  an  angle  (the 

■'*  lusiiumcnt  still  al  Uic  centre)  = . 

H 

and  nieutirc  the  same  duttancc  to  Jf. 

tigniu  turuiug  uff  nn  augli;  equal  t» 
A'  i.  Chi*  Inst,  meMure  the  same  distABce 

to  P.  and  so  oo-  A  gtoke  plnnted  at  cftch  extremity  of  Uie 
radial  lines  will  Indicate  the  augulur  poiula  of  the  tract.* 


* 


EXAMPLES. 

1.  Show  how  to  lay  out  1210  equare  yards  in  tlK  (arm  of  an 
octagon.     Ttic  same  for  a  pentagon ;  decagon. 

2.  Show  how  li_v  Article  57  tlie  length  of  a  aide  of  a  polyiiron 
of  a  given  ari-n  ami  any  number  oF  sidea,  within  the  UmitetJ 
tbe  taUe,  may  he  found. 


D.   CmCLBS  AKD  BLU73B8. 

CtKCLKS. 

269.  Tb  lojr  OKI  (I  jTfwn  ijnaMit^  of  Itxnd  in  thr  form  of  <■ 

Denote  tbo  area  by  A,  and  tbe  radius  by  «;   then,  since 


-€ 


*  A  ■ui&U  lot,  wlion  ^Kftt  aci^uricj  i«  not  n^quirvd,  ma^  b«  Uid  not 
bj  fiul«ning  opv  rnd  of  a  Ikpe  at  0,  ttnd  with  a.  1cd){C1i  CV  tnu-k  uul  * 
circuiiiferoDce  by  mcAni  al  a  pin.  Tli«ii,  bejpiiniriK  at  anj  (loiDt  in  lb* 
cin-iiRifertnc«.  mcaaure  ofT  the  (Uiinnw  r.  and  coatinuo  round  [he  cimre> 
dririag  a  (take  at  thii  eitrtuiity  of  each  Me. 
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When  great  accuracy  w  noi  required,  nnd  small  circles  geaor- 
ily  may  be  lutnl  out  by  roatcuiiig  oat  eud  of  a  ta^if.  a.i  llie 
SDtre.  niKLwith  a  comiDon  ninrkinti-pin  held  linalynud  iierpcii- 

dicularly  uluug  it  at  x  difituut.-'U,  dc^chbo  nod  mark  out  the 

clrciimfereaoe. 

270.  Or,  fix  the  extremities  of  tiro  diameters  nm  out  per- 
pendieolar  to  each  othur,  couuevt  tliese  with  chords,  and  the 
vereed  aine  of  ih"  lo  the  kuown  radiUH  will  pve  at  once  tlte 
perpettdicular  distance  from  the  centre  of  each  t-Uord  to  tlii.'  cir* 
cunifercDcc.  If  iiet^'snan,*,  tlic  points  thiiM  located  may  be 
couuecCed  and  others  found  m  a  stiuilar  iiaanaer.  Or  the  per- 
pendicnlar  diHtAiiO)}  from  any  givcii  point  in  n  chord,  of  known 
length,  to  the  circomferenee  may  Ih-  fniittd  l)j  simple  geomet- 
rical tnitha  deduced  from  the  riglit  Irauugle. 


At 


■-.. 


\\ 


1' 


n 


8 


271i  If  the  circle  ia  too  large  to  tie  laid  out  as  al>ovc,  it  may 
■be  accomplished  by  meaiia  of  deflcc-  L 
tton  aiigloA  as  follows;  With  the 
knowD  radiuH  tiud  the  angle  at  the 
tcuire  C,  which  ts  Bnlnended  hy  a 
chord  0^f  of  any  Itmt^li,  say  11)0 
feet :  then  with  the  instrument  at  M, 
dDllaol  fVom  the  tangent  ML  to  0  on 
uigle  L.tf'0  =  one-half  the  central 
angle  OCM,  and  measure  the  distance 
MO=\m  feet.     0  »  a  point  in  the 

A^En  deflpct  an  angle  tiJf/'  =  one-half  the  central 
re,  and  menanre  OP  =  1  ii"  feel  iw  lociilo  I',  auoihur  |xjiiil  in 
CHrret*  and  ao  on  to  lorate  the  others.  If  there  l»  a  fnictioiii\l 
part  of  the  deflection  angle  at  Uio  closing  ]ioint.  the  correspond- 
icg  fractional  part  of  lUO  feet  may  be  used. 


l^antA  1>r  thu  Untrcm  and  rhonl  <tr>w»  to  tlir  paint  nf 
bjf  one-half  the  inlaro«plcd  arc.    Ad  iiiicril>eil  oaglb 
I  'Am  iKtiw  t&cutiie. 


273.   Giv«n  the  ana  and  oh«  of  the  dianut^t,  to  Jind  the 
OtA«f  diamtter. 

Deuote  the  giveu  (UHuii>ter  by  (I,  Uie  iiukuown  by  x.  and  the 


area  a*  before;  th«Q,  since 


iB  we  have 


nd' 


x  =  - 


i.ij     " 


Ad  ellipse  of  small  size  maj  be  \uA 
out  a«  foIlowB: 

MeaHure  AB  et\aa\  to  the  greater  diameter  (transverse  axis), 
and  from  llie  ceutre  O  lay  off  Of  =  OP,  each  equal  to  tlif 
eqiiare  root  of  tbe  difference  of  the  ftqaarcs  of  the  ftcmi- 
diamelers  OA,  OC.  Fix  tlic  cuds  of  a  ateel  wire  or  ribbon  of 
the  length  AB  at  F  and  f.  tuid  with  a  wmtinuous  luotiou  of  a 
marking-pin  /*.  held  ijerijeudic-ularly,  keeping  the  wire  taut,  tlie 
required  curve  will  be  traced. 

■  See  aar  work  on  General  GeometTjr  or  Conlo  Sectione  (or  the  area  of 

■n  clUpM. 
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Or,  liavtng  found  Ibe  axU  an  nbove,  P  hewf.  nny  point  in 
the  cuiTc,  MJid  PR  periieiicJiciiUr  to  JLB  at  R,  by  ecttlag  off 
any  unntber  of  points  on  AB,  we  may  flail  from  the  |irnportion 

TW  .RBy.AR=0C^:Oj!, 
the  coiretijtDndiDg  volueti  of  PR, 

^m  EXAMPLES. 

V     1.    Find  the  radiufl  of  a  cirt'lc  cuutniniug  1  acre. 

2.  Fiud  th«  radiu»  of  ft  «cctoi:  containitig  2U  square  rode, 
the  nugtc  nt  tlie  centre  being  72". 

3.  The  ar«]i.  of  nu  v\\\\>m  \%  1  «rre,  Ita  diameters  In  the 
ratio  of  ^  :  2  ;   find  their  Icntftli. 

■I.  An  «lU]>»e  couUJDS  }J0  square  rods,  its  greater  diam- 
eter 12  rodu  ;  Itud  tlio  let««er  (liaulolc-r. 

5,  The  greater  diameler  of  hu  elUptiCKl  plot  of  ground  en- 
closed by  II  ii'iill  I  fool  thick  le  'J4I)  liukd,  ftim)  the  li-bser  10(1 
linka.  iuaide  uiensureuients.  What  is  the  area  of  the  plot,  and 
bow  tuucb  IflUil  \%  ocoHpi«d  by  the  wall? 

274-  Let  it  he  requii'ed  to  lay  out  a  fiit'Ie  pirenmBcribinji  a 
triangle,  the  sides  of  whicli  are  m,  n,  and  j>. 

Let  O  be  tlie  .rentre  of  the  tircle, 
R  the  radius.  OL  t\  pcriKMidifidsir  to 
MX,  p  =  AfN,  ami  the  other  aidOB  as  in- 
dicated in  the  fip:iiro. 


I 


Now 


JVX  =  ^ ,  and  angle  XOL = P. 
;^^RtmP, 


\m 


U^ 


7S 


or 


R  = 


2 


=  —£- 


sin  P      2  sill  P 

I  To  find  an  oxpreBaioii  for  R  in  terms  of  the  three  sides,  sub- 
atitute  for  »iu  P  \t»  vahie 
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28iD^.Pcofl^/'=g:^^-l^-*-^-'"><*-^-''><*'-^^>; 


mil 


whence    R  = 


•mnp 


in  ivliicb  s  repi'CSvuUi  tbv  sum  of  tliu  sides  of  Ui«  trUogle. 


ADDITIONAL  EXAMPLES. 

1.  Circiimscribe  a  circle  about  a  triangle  the  side&  of  whioh 
aru  10,  lA,  aii(t  2i)  chaius. 

2.  Find  an  cxprFssion  for  the  radius  witli  which  to  inscribe 
a  circle  in  u  trijiDglc  Uiv  ctiiltis  of  vrliich  arc  m.,  n ,  uiid  ]>. 

vlns.     Twice  the  aie-x  of  the  tinmigle,  divided  hy  the  suiii  of 
UiB  sides. 

8.  Describe  a  circle  in  a  triangle  the  eidea  of  which  are 
30,  40,  and  ^>0  rodn. 

•J.  A  circuUr  nalk.  (>  feet  w'hIh,  is  to  be  made  LuMde  of  s 
squurc  wluct  couuiius  ^  itn  acre  ;  required  Uie  area  of  the  walk. 

b.  The  area  of  a  square  i«  1  acre,  and  a  (nrcular  walk  i 
nKtiiir^Ml  to  he  mnde  in  it,  touching  each  Ride  at  a  point,  of  such. 
a  width  thiiC.  it  will  take  up  J  tlii>  area  of  the  square.     KioJ 
width  of  the  walk  and  the  length  of  its  ceutre  line. 

6.  Tlio  art-a  of  a  circular  sector  of  (f  is  m  rods ;   find 
expressioa  for  the  radius.    If  d  =  60  and  m  =  3W,  Had  B. 


ilk. 

'  I 

uch.    ■ 


SECTION  n. 

Dttidiko  Laud. 

A.    TBIANOIoBS. 

276.    7V>  divide  a  given  triangle  into  (too  parts  in  the  ratio  tif" 

m-.Hbya  iine  parallel  to  one  aide. 


Agaia, 

whence 


If  the  triaogt«  is  to  be  equcUl;  diridcd,  tlieo  m  =  n,  and  there 
redulta 


«  =  |v^.     ftad    !f  =  ^'>/i. 


QmuBS.  Ib  it  neceeHury  that  LK  be  kuovn  to  find  either 
POorPJi?    Must  i,A' be 'given  to  And  Ofi? 

EXAMPLES. 

1.  Find  «  gcncml  expression  for  tlie distance  litC  (lust  figure). 

2.  Show  how  to  divide  tlie  triangle  LKP  into  four  eqalra- 
leot  pnrlM  by  lineB  parallel  to  llic  biisu. 

276.    TV}  divide  a  given  triangle  into  tieo  parts  tn  tht  ratio 
«/  SI :  N  &y  a  fine  from  a  vertex  to  the  oppoiat^  mle. 

Let  PO  he  the  line,  x  =  LO.  and  ^*  aa  alxjvc.    Then,  since  tii- 
•ngles  hnvinir  the  same  ultittide  arc  to  each  P 

<1iu:t  as  their  bases,  we  have 

I 


tbencc 


m  +  n 

EXAMPLES. 


I.   LocAte  O  on  the  eupixMition   that  the  triangle  ia  to  be 
'dvided  Into  two  equivalent  pnrtii. 
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2^.    Find  where  Iho  lines  from  P  will  meet  the  bM«  dividing 
the  trinnglp  into  three  eqiiiviileiil  |>ftrt«. 

3.   Tbe  same  for  anj  uumber  n  pai'U. 

277.  To  dhidfi  n  rjivim  triangle  into  tvx>  pan»  in  Oie  ratio  of 
m:  11  hff  a  line  tkrougli  tt  yhvn  jioi'nf  iVi  one  of  tfie  »i(ieji. 

Diiuoting  PL  by  w,  niid  the  other  sidea  in 
tbe  usual  manner,  vte  liave 

w  +  n  :  m  ^  koipx', 

J^_        it* — 1* — -•L  whence      x=  ~- -• 

pirn  +  n) 

](  the  parta  are  to  be  equivaleot,  m  =  n,  and  there  resulta 

EXAMPLE. 

Show  hftw  the  fjii'on  triangle  LKO  may  he  diridcd  into  three 
eqirivaktit  jiartA  l»y  lineB  radiiitiiig  from  a  ^ivon  jxtint  R. 

Note.    The  lin^«  raa/  or  maf  not  fall  on  ibc  Mnm  «ldo.     £x&mini>  both 

278.  The  same  condUious  as  la  the  laiit  CAae,  except  the  tri- 

nuglf  is  to  be  iHQHceleH. 

I'siiig  the  »amc  notation  and  figure  an  in  that  caoc,  we  bare 
the  following  equalil;y  of  ratios: 

m  +  tt  :  m  =  Ao :  ^ ; 


whence 


«=ni; 


rako 

m  +  n 

It  the  parts  are  to  be  equivalent,  ni  =  n,  and  we  have 


x=yj'^  =  iV2ko. 


EXAMPLE. 

Show  how  to  cut  off  a  ^ven  ni-ea,  in  the  form  of  an  isAiieeles 
triRDgle,  fi-om  the  ccnuT  of  n  tield,  only  the  angle  being  given. 
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279.  The  btaringn  of  two  sidea  of  afield  beinff  i;n.'ett,  to  cut  off 
a  triangle  having  a  ^ivtm  area  by  n  line  running  in  a  given  dimo- 
^gtioH  and  intentding  Hip  given  aides. 

MP  a.  Snppoee  the  divisioQ  liae  \a  to  make  a  ngtit  aagle  with 
wittier  liide.  I^t  LO  uud  LQ  be 
the  sides,  tlit*  ItenringH  nf  wliicli  are 
known,  aiiJ  PH  the  Uivisiou  Uuc  per- 
pciKliculnx  to  LQ-  The  niiglc  L  be- 
comes known  tbrutigb  thy  bcnriugs  of 
tbe  Mde»  whicb  iacliide  it,  and  Uierr  J 
followH 

p\&n  L  =  rR=  I. 

lb    But  iti^  =  area  =  A ; 

^Bmoe  ii^  tail  L  =  A, 


it 


and 


^  =  >/il 


tan  L 


^ 


b.  Suppose  the  ftngk-  at  Ji  is  obliqtu.    Denote  Lit  by  x^  and 
LP  by  v.  and  tind  from  th«  benhngB  the  aagUs  at  /'  aud  Ji. 
hen  from  the  two  equntioiix, 

^zy  n'la  L  =  A 
x_  ftiii  P 
y     sin  A 


And 


Iy      sui  A 
inaT  be  deduced  x=  \\-r^ — . — ^ 


aod 


_     I  3  -^1  aiii  H 
^~  \8ini»iiii' 


^    QlTKBT.   Is  it  necessary  that  llie  bearings  of  LO  and  LQ  be 
given  if  the  tleld  is  tnaugular  and  tlie  length  of  th^  uldes  given  ? 


EXAMPLES. 


il.  The  benring  of  LO  (Ifinl  figure)  is  N.  50'  E.,  and  LQ 
6.  82°  K.  It  in  i-eijuirwl  to  find  the  leiiglhs  of  LR  and  PR 
perpendiculur  Ihtfn-to,  «o  that  3  acrci^  iiu^y  be  couuiued  in  the 
triangle  PLH. 
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2.  Suppose  LO  ~  10,  LQ  =  H,  bh(I  OQ  =  6  chains.  Find 
the  poaitiou  awl  leogtb  uf  the  diritiiou  line  Pit,  which,  with  im 
anirle  PRL  =  81',  will  cut  off  o  triangle  PJiL  coauLaiug  2.0 
acree. 

3.  Show  that  if  three  linea  he  drawn  eonnecling  the  mkldle 
points  of  Uie  three  sides  of  a  triangle,  the  four  triiuigles  thus 
fonued  will  be  iiqnaX. 

280.  To  liivide  in  a  givm  ratio  a  yiven  triangle  by  a  line  patt- 
ing through  a  ffiven  jioint  within  it. 

Let  OQR  represent  the  given  triangle,  mid  Pthe  point  with* 
in;  DL  the  required  clirUiua  line, 
ftnd  l)HL:LDOQ=:m.H. 

The  point  /*  may  V>e  looted  by  co- 

tC—\e'     ordinntes  as  PF&ad  PE,  linen  parnllcl 

respeetiveW  to  (iR  niul  QH  \  or  by  il8 

bi-nriug  and  (litttaiifx'  from  utiv  of  the 

corners,  as  /?;  or  I^  p«rj>eiidicular 

diatunces  PF,  PE'  from  the  HideB. 

Thi-  distances  PF  and  PE  may  be 

eak-ulated  if  the  din'c^tion  Rnd  diHtnnce  FH  be  kuown.     Denote 

PF  by  d.  PE  hy  b,  DJi  by  x,  and  JiL  by  y ;  then 

X :  y  =  d :  If  —  b,        or  xif  =  hx  +  dy ; 

Tntjo 


^ 


n 


ond 


xy: qQ  =  mi m  +  n,  or  xif  = 


m  +  i»* 


bcuco  bse +dy=s 


mqo 
ni  +  ii' 


Or.  «ul»titiitine the  value  of  «=*- — ^P—  from  equntion  above, 

(Tit  +  iOa: 
wc  obtain 

whence,  by  reducJug  and  couipleting  the  square,  there  resolu 
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9  = 


9bnqo 


«»y  ±V»«Vo*-4Mi»i9«H«+«) 


I 


If  the  qncstJoo  were  lo  cnt  off  from  a  corner  of  a  traci  of  Innd 
a  given  area,  bv  a  line  pnssit^  througb  a  given  point  irittun» 
we  might  procet^  more  simplr.  ae  follows  : 

Denote  the  area  to  be  cut  off  by  ^,  and  tbe  otber  notatioD 

as  above ;  tliea 

srysiaJi^  2  A, 

and  x:g  =  d:y  —  b^ 

whcDoe  there  r«sulta 

„     ^±VJ'-2JM«lnB 


S  = 


btAoR 


A±VA'~3AMtanR 


Xu  etuit  of  the  two  preceding  problems  there  are  in  gt'ueral 
two  (liri&iou  lines,  as  iuilicuted  by  the  double  tiigu.  fulfilling  tlie 
Modilioos  of  the  questiuu.  Thv  student  will  point  out  wbeo* 
if  ever,  one  of  these  retuilu  will  not  practically  aa«wor  tlio  firet 
csu.  Woiikl  viUier  result  answer  practicnlly  the  Hccond? 
When,  if  ever,  would  tlie  reRull  he  imaginary  ?     Why  ? 

ir  P  were  loeatetl  by  its  distance  I'Ji,  and  tlie  angle  l*RL  or 
PSD,  U>e  Hues  PF  and  PK  could  be  calculated,  ae  before  re- 
nuirbed,  and  the  >^lution  above  given  made  npplicnble ;  or  we 
may  proceed  **  follows : 

Denote  PR  by  d,  d  sin  PRD  by  b,  d  sin  PRL  by  c,  and  the 
other  noteUou  as  above ;  then 

xt/ftin  DHL  =2  Ay 

(«  +  ey  =  2  J. 

Substituting  tlie  value  of  y  from  the  Brat  equation  in  tJie 
second,  and  reducing,  there  reaults, 

h  A«in-B* 


\ 
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y= 


2^ 


[Hf^m-'"' 


or,  y  = 


2^ 


AB\aS±  ^A* mi*R- 26c4 sin B 


EXAMPLES. 

1.  Given  the  three  Bides  of  a  triangalar  tract  of  land  (see 
last  figure) ,  QR  =  17,  OQ  =  19,  and  OB  =  22  chains,  to  divide 
it  iDto  two  eqaivalent  parts  by  a  line  passing  through  a  point  P, 
within  the  field.  PF  and  PE  =  respectively  4  and  9.50 
chains.  The  location  and  length  of  the  division  line  are  re- 
quired. 


2.  It  is  required  to  eat  off  from  the  angle  0,  which  is  60",  a 
triangular  field  to  contain  10  acres,  by  a  line  DL  passing  through 
a  point  P.  The  distnnccB  PF  and  PE  being  4  and  12  chains 
raspectively,  the  location  and  length  of  the  division  line  are 
required. 

.3.  Given  the  angle  ORQ=56''  (see  last  figure  but  one), 
PRL  =  20°,  and  PR  =  12  cLains.     It  is  required  to  cut  off  a 
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triangle  DHL,  contaiDing  ii  acres,  by  a  line  DL  pitssjtig  through 
the  itoint  P.  Tile  location  and  leugth  of  the  cUvluon  Hue  are 
Kfiuinxl. 

\.  Divide  A  triaugiiUr  piece  of  Innd  into  three  equal  parts 
b,v  lines  radiating  from  a  iinint  within. 

Strnue^noN.    Tine  locua  of  the  vertices  of  all  triangles  tiaring 
the  baiie  LN  and  onc-thini  tlto  nrcn 
of  LMN  18  a  line  [wrallal  to  LS  and 
at   \  the  height  PM.    SiiiiilBily  for 
any  other  eidc.     Find  point  of  inter-     /'        ;  '"'n^^ 

Mctiou.  P  ^ 

•*■  Apply  tlie  principle  employed  in  Kxumple  4  to  divide  a 
thao^flc  into  three  parts,  m  the  ratio  of  1,  tt,  and  3,  by  lines 
radiating  tVom  n  point  within. 

i:.  Given  tffo  aides  of  a  triangle  0  and  A  chnina ;  it  is  required 
to  locate  ft  diviRion  line  which  »liall  cnt  off  from  the  rortcx'an 
isoaeelea  triangle  whose  area  shall  be  to  the  area  of  the  given 
triangle  as  S :  4. 

7.  Given  tlie  sides  of  a  triangle  8,  10,  and  12  chains;  it  la 
re<]nir«d  to  divide  it  into  a  trinnglc  and  n  trapezinm,  the  ratio 
of  the  foniier  to  tlic  luttiT  n^  2  :  •^,  by  a  line  extending  from  the 
middle  of  tb«  longest  sidu  to  noma  \>q\\\1  on  the  incdiiim  itidu. 

Tbe  location  of  ibis  point  and  the  length  of  the  division  line 
are  required. 

9.  Diride  the  triangle  given  in  Kxample  7  into  three  equiva- 
lent parts  by  Hues  ntdiating  from  the  middle  of  the  longest 
side.     I^ocnte  the  extremiti«i«  of  the  division  lines. 

9.  An  angle  QO/'  of  a  field  =  -12"  .SO';  it  is  required  to  cut 
off  from  Boine  point  D,  in  tliG  line  OP,  by  a  line  DL,  making 
an  angle  LDO^^'H"  HO',  a  triangle  containing  2  acres. 
Locate  tlic  division  line,  and  duttrminc  its  length. 
■  10.  The  aidca  of  a  triangle  ar«  16,  16,  and  '24  chains:  it  is 
^qnired  to  divide  it  into  two  |i«rts  iu  the  ratio  of  •<i:3  by  a 
line  perpeodiculur  t<>  the  longest  side.  Locat«  the  division  liaa, 
ind  determine  its  li>ngth. 
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281  ■    7b  divide  a  given  triangle  in  a  ffiven  ratio  by  a  line 
pas«mg  through  a  given  point  without  it. 

Let  ORQ  represent  tbo  triingle,  P 
p  j^  the  point  given  by  the  angUi'OQ  Md 

diatanco    OP,    DL    the    line    wblch 
ftbull  divide  the  triuiigle,  »o  that 

ODL :  DLRQ  =  in  :  ri. 
Deuote  O/'hy  6,  OL  by  a,  OD  by  y. 


h 


m 


a 


hy  O",  and  the 


tlio  angk'  DOL  hy  O.  the  angle  POD 
p«rt  of  tho  flTOft  by  A ;  then 


m  +  71- 

iicyain  0=A;  (1) 

alao                 i  fry  sin  O'  =  area  POW,  (8> 

and                 ^  &aj  kin  (0+  O')  =  area  POZ..  (5) 

.■■ifrxsin  (0+0)-i4y9in  0' =  X  (4) 

Subfttilnting  in  tho  last  equation  the  ralua  of  y  teJcen  from 
(1)  and  reducing,  there  results, 


or. 


wheuce 


bxam(0+0')- 
•lAx 


2.1if»inO' 


=  2^: 


it»- 


1Ai\Yl0 


x  = 


/>8iu(0-f  0') 

A 

6  8111(0  +  0') 

4 


gin  O  sin  ( O  +  O*) 


iA  Bin  O' 


A" 


aia  0 Bin (0  +  0')'  V sia* {O -i- C) 

y  may  be  found  by  siibotituting  the  Tatue  thus  otvtained  far 
21,  and  thence  the  length  of  Lbu  dJvieiua  linu  DL. 


EXAMPLES. 

Given,  In  the  ti-iangle  OQR,  0B=  \HA(\  chains.  AQ=  10.20 
chiiins,  QO  =  ^O.Gi)  chains,  0/'=!>.5(}  chains,  and  tbo  angle 
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POQ  =  28°  80',  to  divide  the  triangle  into  two  parts  bo  that 
OLD :  DLRQ  =  3:4.  The  position  and  length  of  the  division 
line  DL  are  required. 

b.  quadrilaterals. 

Trapezoids. 

282.  Given  the  parallel  aides  of  a  trapeeoid  and  the  perpen' 
dicriiar  distance  betvKen  them,  to  divide  it  by  a  line  parallel  to  these 
sides  into  two  parts  having  a  given  ratio. 


K 


Df-r — 


0    r 


(d) 


(e) 


Let  OPQR  (Fig.  c)  be  the  trapezoid,  the  sides  OP,  OQ. 
and  the  perpendicular  distance  QT  between  the  bases  l>eing 
given.  It  is  required  to  diride  it  by  a  line  DL,  so  that 
OPLD:  DLRQ  =  m:n\  that  is,  practically  to,  locate  and  de- 
termine the  length  of  the  division  line  DL. 

Denote  the  lower  base  by  b,  the  upper  base  by  b',  the  perpen- 
dicular distance  between  the  bases  by  A,  the  perpendicular  dis- 
tance between  the  upper  base  and  division  line  by  x,  the  length 
of  the  division  line  by  y,  and  the  area  OPQR  by  A.  Draw  QV 
parallel  to  RP;  then  the  similar  triangles  give 

OV:DK=QT:QF. 


whence 

6—6' 

Bat  tbe  area  of  DLQR  ={y-\-  ft')4=  -^ 

z     m  +  n 

Representing  for  oonvenience  the  rigbt-basd  member  of  the 
Jant  eqimllou  bv  A\  we  may  write 

X 

Sulwtltating  tlie  value  of  x  from  (1)  la  (2)  and  redocing, 
there  retulta 


,  =  ^MS<L^^,;, 


&iid 


~b'h±  ^i  A'fi  {h  -  b')  +  6"A' 
b-V 


B«8torlug  tlie  value  of  A',  wo  obtain, 


\A  (TO  +  n) 


x  = 


-b'h±J—^^~2Ahib-b')+b'*k} 

Tm  +  w 


6^^ 


The  ntutlent  may  iiulieut«  how  lie  would  Iraoe  out  on  tbe  field 
llie  divisioa  lino  ttiiiit  fouiul. 


283.  If  iustcod  of  the  pcriR'ndiviilnr  dialaacc  there  be  girco 
ouc  of  the  eloping  sides,  as  OQ  { (■"ig.  <) . 

I>fnot«  OQ  by  <i.  OD  \>y  r.  nnd  tlie  other  notation  as  abore. 
Produce  tbe  sides  uutil  they  nieol  in  name  point  B;  theu 
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or,  by  dirision, 
nd 

vbenoe 

By  dtvision 
inBGrling  roluca, 

whence 


OPE.QRE=V:h'\ 
DLE:QRE  =  i/:b"i 

OPQli  ••  QRE  =  6*  -  &" :  6", 
DLQR :  QJiE  =  y«  -  i'» :  b'«  • 
OPCiniDLQn=l>'-b":t/»~b'*J 
OPLD :  IJLQR  =  b*  -  !/» :  y»  -  6'' ; 


U=- 


l^  +  fo'*tit 


■    Tbe  similar  triangtes  OVQ  and  QDICj^ve 

h  


h-b' 


I 


In  Figure  d,  the  nnknown  eUlee  nrc  Bymmctrical  with  respect 
ito  a  line  joioiiig  tliv  ct>i)Uv8  of  Hit-  (Uimllpl  eiden;  ia  Fipire  p, 
'^A  18  perpendicular  In  ttie  pa,rnllet  nidea.  The  sliident  will 
■bow  what  modificutiuti,  if  nay.  may  be  mndc  in  the  forinulott 
of  Ibe  two  preceding  ca»e»  for  eiCliei*  of  these. 


I 


EXAMPLES. 


1.  Grron  Oi*=i2fl  clmins,  QKe=].>  clmiiiB,  QT=  18  chains, 
to  find  the  length  of  the  divisiuti  line  DL,  so  llial  QRLD  bUoII 
^contain  two-llurd»  vm  uiuch  land  H8  OPLD, 

f  2.  In  Figure  rf,  wtioae  Hidve  nrc  equally  ini:Uuud  to  tltc  linwHi, 
0P=  24  chnins,  (iH  =  1 1>  ohfiina,  and  the  perpondictdw  distance 
QT=  20  chniiiH ;  it  is  rei]iiiped  to  Inmln  tiin  #xtrcmitiff«  of  the 
dirimon  line  DL,  and  detcnniiic  its  length,  so  that  it  shall 
divide  ttie  tract  into  tiro  equivalent  parts. 
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3.  In  Figure  c.  suppose  QR:  OP:  PR  =  3iiia,Aat\  that  the 
ni-ea=  17->0  roJs;  loiralc  «itl  flud  tlic!  Icugtli  uf  ttiv  dirbiuu  liuis 
i>i.  Uiat  sliaU  divide  the  tract,  making  OPLDi  QJ{LV=S :  4. 

284.  To  divide  a  given  trapezoid  iMo  Ueo  parta  having  a 
given  raHift  by  a  line  inlemeclinii  the  paruUel  aidex. 

Lot  OPQR  repreeeot  the  trapezoid,  and  let  it  b«  reqiured  (o 
divide  it  into  two  oqiuU  pnrts.  It  is 
urideut  if  tbc  biuiea  he  bisected,  nnd 
a  line,  as  DL^  be  dmwn  connecting  the 
[loiiite  of  divittioD,  it  will  be  tbc  ilivi»iaa 
liue  required. 
Simikrly,  if  the  ratio  Is  m  :  »  ;  d«n«ee 


,fiZ>  = 


m6' 


n  +  » 


OP  by  h,  nud  HQ  by  b' ;  then  take  OL  =  -^ 
nnd  join  DL  for  the  line  required.  "■  " 

Tlie  student  will  give  tbc  rciiaou. 

If  the  diviaion  line  ia  to  pass  tliroiigh  a  given  |>oint  D',  ob> 
tnin  DV  as  al)or«  direct«<l,  then  moiwtiiro  fi-om  D  to  D',  and 
liiy  oiT  this  distance  fruui  L  to  L'.  Join  D'L'  lor  the  divittion 
line  reciuired,     Uliy? 

To  div'idf  a  trapezoid  by  u  line  pvrpcndiculnr  to  the  haoea, 
oi'  parallel  Co  one  of  the  noti-parallel  sides,  divide  tbe  liuu  Join- 
ing the  middle  pointH  of  the  non-pnrnllel  sides  into  two  part«  is 
the  ^iven  ratiOn  »i)d  tliroitgh  the  point  of  dividion  run  the  rc- 
quinsd  line.     If  m :  n  is  the  ratio,  nnd  the  baM«  b  and  b',  tbx 

distAQoe  Tif  in  the  laal  figure  =  ^^i^^ti!)  • 

-i(m  +  n) 

The  student  wilt  give  the  reason. 

EXAMPLES. 

1.  DMde  ft  given  trapezoid  into  tliree  equivalent  parts  bf 
lines  interaecting  the  parallel  t«idc8. 

•2.  Divide  a  given  trnpezoid  into  three  parta  in  th«  ratio  of 
ni :  n.  ip,  by  lines  interaectinji;  the  parallel  sides. 
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9.  The  bases  of  a  trapezoid  are,  0/*=  20  chains,  and  QA  => 
15  cbnins.  It  Ls  ivqiiirad  to  dividi>  it  into  two  ]>arl8  bi  the  rtttio 
oti-.A.     OL'  =  J*.50  chains  ;  locale  D'. 

^  4.  Show  tlmt  /,  bt>i]ig  Lbe  ccuti-c  of  the  line  couucctiiig  the 
middle  of  the  baeee  of  a  trapezoid,  is  the  point  thix>ugb  vrLioU, 
if  nny  *iTnlght  line  1*  drawn  meetiog  the  |}arallel  sides,  it  wiU 
divide  the  trapezoid  into  two  cfiuivnieut  p»rt^). 

385.   Given  one  »ide  and  the  adjacent  mit/lea  of  a  tradofland, 
to  rut  off  a  tri^tezoid  of  a  given  area  bt/  a  line  paralld  to  Out 
iveit  ndf. 

Let  PO  be  the  given  1>aHe,  P  and  0  the  kaowa  ftogles  indi- 
cating the  direction  of  tlic 
Bides  PQ  and  OR.     iJ^note 
the   areii  OPLD.  to  be  cut 
off   by   Ai    the  given    nide  ,.--"*'' 

OP  by  a,  PD  l>y  ?/,  OL  by    "^"*^-..,.__ 
c,  DL  by  X,  and  suppose         • 

Prodaoe  OR  and  FQ  until  they  meet  in  F. 
Theo  aj^  OPr  -  area  LDV  =  A  ; 

jr'siuOsin/'     r'aioOslui* 


«-• 


&ia  F 


sin  V 


=  iA\ 


• 


D^oe 


\  BillO  HID  7* 


When  {O  +  F)>  IHO",  the  prmliiced  lines  meet  in  a  point  OD 
Uii:  other  aUlo  of  OP,  the  itin  (0  +  P)  is  nUo  ni-gibtivc,  and 
Ihereforo  the  fraction  iindor  the  rddicsl  becomps  positive. 
Drnw  /,r]«irallel  to  VP;  then  in  the  triangle  1.02',  by  sine  pro- 
portion, sin  Zi  (=  a)o  V)  :  sin  T  (=  sin  P)  =  j  —  « :ac ; 

_.  (Ji  —  2)  sin  7* 

whence  x  =  ^ ^^^i 

BinT 


Sitnilarly, 


1 


(^«^-2)8inO^ 
*  alnr 


PLAKB  BPKvSrraor 


Remark.  Wlieu  great  ncciiracv  is  not  required,  and  espe- 
cially if  the  trnct  is  small  nnd  the  sidefl  nuirly  [>aralk'l.  mi 
tiijproxi]uat«  perpeudiculiii:  diBtance  bctirecn  Umj  bucs  OP  iuid 
liL  may  be  obtained  by  dividing  the  area  to  he  cut  oil  by  the 
given  Bide  OP;  then  measiiTe  the  porpeudicular  adcI  a  line 
through  its  extremity  piUEillel  to  the  baw;  fur  au  appruxiiuit* 
divioioii  line.  ChIl-uIilIc  the  iireu  thus  cut  off.  dividu  the  diffen 
coce  bclweeu  it  and  the  rcqtiiri-d  nren  by  the  approxiauLt«  divis- 
ion line  for  a  new  perpendicular,  and  Uienco  obtain  more  Qoariy 
the  diviftioQ  line  sought. 

EXAMPLES. 

1.  Deduce  an  expreiftion  for  DL  by  another  method. 

2.  Show  by  other  methods  bow  OL  or  PD  mar  be  determined, 
a.  Given  0/*,N.IG*ao'W.,8.40ohainB;  PQ,S.fi2»  15' W; 

and  OR,  S.  82°  W.,  to  cut  off  a  trapt-xoid  coutalDioj!  1  acret, 
by  n  IJTiR  DL  pnrallel  to  OP.  I'he  [xisition  and  lengUi  of  tbe 
division  line  are  required.  * 

4.  Uiveu  n  side  of  a  tract  of  land  20  ohAine,  and  th«'  adjn- 
cent  angluH  105"  and  ISO",  to  cut  olV  36  aereo  hy  n  line  parallel 
to  Uie  given  »ide.  Required  the  position  and  length  of  the 
division  line. 

TrJiPEJ!TUM8. 

286.  Given  the  nreo  of  a  trapezium,  one  of  its  tifUi  and  adf 

cent  auglet,  to  divide  it  btj  a  line  parallel  to  the  gicm  tid*  into  I 

parts  kaving  ike  ratio  m  :  n. 

p 


*'"^'--. 


Ji 


Produce  the  sidea  PQ  and  OB  to  meet  in  V.     Let  0P=  t, 
OZ  =  r,  PD  =  y.  DL=x. 
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Calculate  the  area  of 

OPV=  A'  =  '""pQb"'^; 

then  A'-A=  area  DL V, 

and  the  fonnola     ^-^^^^^BJ"  =  2(A' -  A) 
maV 


HariDg  fonnd  z,  x  and  3/  ma;  be  deduced  as  in  the  foregoing; 
case. 

^^(j-2)BinP 
sinF" 

(a-z)6iaO 
*  ainr 

RsifABK.   This  problem  may  be  solved  by  Article  285,  taking 
for  the  eiveD  area  to  be  cut  off 


EXAMPLE. 

The  bonDdariea  of  a  trapezium  are  as  follows : 

(1)  N.      2°E.     8.00  chains; 

(2)  N.  58i°E.   13.85      " 

(3)  S.  Sli"  E.  14.80      " 

(4)  S.  82^°  W.  20.00       " 

It  is  required  to  divide  it  into  two  equivalent  parts  by  a  line 
parallel  to  the  third  side.     Locate  it,  and  determine  its  length. 

2B7.  Given  the  bearings  of  three  adjacent  sides  of  a  trad  of 
iand  and  the  length  of  the  middle  one,  to  cut  off  a  trapezium 
having  a  given  area,  by  a  line  ntmiing  in  a  given  direction. 
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Produce  the  sides  PQ  aad  OB  till  they  meet  at  V.  Aa 
before,  denote  OP  by  «,  OL  by  x,  PD  by  y,  and  LD  by  2.  Ob- 
tain the  angles  from  the  bearings,  calculate  the  area  of 

P0i7--_4>_«*amQ8'O-P, 
asinF 
and  find  area      /)i^r=:^'  — ^. 


O 

Whence  the  division  line  DL  =  z  may  be  fotmd  from  the 
formuU  z»Bin/>Bmi 


2  8inK 


=  A'  -A, 


or  ,^     f2siDrU'-^) 

A/      sin  D  sin  i 
By  the  sine  proportion 

V0  =  '~^^> 


and  VL  = 


sin  r" 

ZBJn  D . 

eia  F" 

Ksin/*— asinD 


whence  VO-VL=LO  =  x  = 

am  F^ 
aad  __  sBJn  O  — zainZ. 

^  "  sin  F 

Remark.  If  {O  +  P)  >  180%  A' -  A  in  the  equation  for  2 
will  become  A'  +  A,  and  in  the  formulas  for  x  and  y  the  signs 
in  the  numerators  will  be  interchanged,  or 

zsinD  —  sain  P 

«=  .    .- ' 

sin  V 

,                            zsini  —  sain  O 
aad  y  = • 

sin  V 


EXAMPLE. 

Giren  7.0,  S.  7fl»  E. ;  O/*.  N.  8' W.  12.-10  chains;  /*/>.S.  72* 
W, ;  it  is  rtiiuin.ll  to  cut  off  7  uoree  bv  ti  line  K'ttriiia;  N.  'iS*  W. 
'I'be  l«ngth  of  tti^  cHvisioa  line  urid  Itie  (.lixlauoeti  OL  aud  DP 
are  to  tw  cominitt-ti. 

288.  Oiven  a  trapeztumt  to  divide  it  tttio  two  parts  having  a  given 
ratio,  btf  a  line  extending  from  a  giitn  point  in  on*  of  ih^  »id«e. 

Let  OPQR  reprt-flciit  the  tnipczium  the  area  of  which  is  A, 
m  and  n  the  ^vvd  ratio.  J'roloug  the  Bides  PQ  and  OR  till 
lliey  meet  in  V.  I,et  0W=  i',  the  (livitsion  Hup  DL  =  x,  RLthe 
^r«n  <li8tnnc«  to  the  i»oint  L  =  d,  mid  QX*  =s  y.    CBlpiilnte  the 

area  of  QRV=A',  and  add  it  to — ~ — Ah  thereby  obtainiog 
areaofDXF.  ™ +" 

Find  by  th«  sine  proportion  Vlt, 
aii<l  add  tt  to  RL,  LhuH  obliiiuiug  ^ 

VL. 

Pattiag  VD  =  ».  aod  VL=b,         ^.-■ 


bftc^ 


I 

B'WIiCDCG  X  =  "TZ*  may  be  found. 

W  Finally,  wilti  tlie  two  siflen  YD  and  fX  and  the  Included 
angle  V.  compatc  the  an^le  />,  and  the  direction  and  length  of 
the  division  line  DL ;  y  may  be  valcnilatcil  by  a  preceding  method 
to  check  the  work. 

EXAMPLES. 

t.  Given  m  a  trnpczinm  MXOP  (no  G^re) : 

SIX   13.00  chuius; 
NO,      7.3U      " 
OP,    10.40 
Pif,  11.10 
py,   13.70 

is  required  to  divide  it  into  two  equivalent  parts  by  a  line 
ming  tnaa  a  point  in  the  side  Afif,  6  chiiius  from  M.     Find 


it 


960 
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Uie  lengtli  of  the  divUion  IIdo  aod  looato  the  other  extremity 
of  it. 

2.  Divide  the  tract  dcAcrihed  in  Example  1  intu  tiro  pairts,  in 
the  ratio  of  3  :  4,  l>y  &  line  DL  nutDiiig  Trom  some  i>oiDt  ia  JlXf. 
wkI  rnlHi))^  poritftiidicnlnrly  ii]M>n  PO.  The  part  PMDL  ia  to  lie 
tile  gre&Ler.    I^ocaCe  the  tine  required,  and  determine  ita  length. 


Oiven  a  fm;i#zt»m,  to  divide  it  into  two  porta  having  a 
given  nuio,  &y  a  line  jmmtituf  [hroytgh  a  given  point  within  the 
tract. 

Let  OJ'Qlt  represent  tho  given  triipezium  T,  the  point  witbio 

it,  given  tii,'  its  lieariiig  and  di«* 
tance  flpotn  some  angle,  as  R. 
PhmJucc  tlie  aides  OR  wid  PQ  to 
umat  ia  F*.  D«notc  the  ratio  b; 
m  and  n,  the  area  OPQJt  by  A, 
QR  by  T,  DL  by  j,  VL  by  i,  and 
VO  by  y.  Find  by  th«  sine  pro- 
|H>rtion 

fAaV        ^       sin  r 

and  thence  the  area  VQlt  =  A'.    Tbca  in  tlic  triangle  VRT,. 
having  two  skIcs  and  the  included  angle,  compnt*  IT,  whith 
call  b,   and  the  angle   TVIi  =  a.      Pnltiug    V—a  =  0,   and 
n 


i 


P-4: 


m  +  n 


■nd 


A-i-A'  =  A",  tiie  following  equatiouH  may  be  written:      I 
xywaV=tA'\  (I), 

bxaiaa  +  byam$=2  A".  (S)-^ 


Substituting  in  {'2)  the  valae  of  y  from  (1),  and  rctlucing. 
there  reuultB, 

A"  J.   I  A"^      g^r^^ 

\  6*  8iD*a       Bin  a.  Bin  F 


andW/,=  r-r/(= 


ft  sin  ( 

.1" 


J 


Vft'fiiu*. 


2  J"  fling      It  Bin  0 
eina«inF       sin  P 


Let  OQRT  represent  the  trai^exium  given  by  Che  bearings 
MUl  d)BtaDC«8  of  its  sidea,  V'tbu  \waA  wiUiout,  located  bv  ito 
besriog  nod  diatAnoe  from  7',  the  ratio  m  :  n.  Kstcnd  the  sides 
RT  and  QO  iiniil  thej-  meet  in  V.  Then  the  prubletii  may  he 
«olv«d  in  a  mmilar  manner  to  tliat  in  Article  281. 


290..  Citvn  a  irajiezium,  to  dn'tde  U  into  four  «rpiivalent 
jHtrts,  bif  (iro  line*  interacting  opponite  »i(les,  one  of  ifie  diviaion 
iiM$  tmng  parallel  lo  one  of  the  givm  si'dea  of  the  trad. 

Let  AUCD  represent  the  glivn  tr&peKium,  FE  the  division 
Uoe  pftralle]  lo  DC,  aud  OU  tbL-  utUcr  diviaiou  line.     It  Is  re- 
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quir«cl  to  locate  botli  division  lines.  Prolong  th«  eidee  AD  aod 
BCio  meet  in  P:  »Uo  DG  and  ABXoU  Fitid  AE  and  EF 
by  mclliodi  alretidj  pivpn. 

Now,  any  line  cutting  tlie  [laniUel  sidee  of  a  tra(>ezoid  and 
dividing  it  iiitu  two  tijiiivAloiit  ptirts  must  p»s»  throagli  o.  [xiiut 
0  (tlie  middle  of  tiie  middle  Ltue  hetweea  Uie  haHes).  See 
Article  284.     H«DCC  JtfO  become*  known  =  t(C2>+£F),  and 


\ 


p-k: 


•Iso  MC  =  ^FC.  In  tbe  triaugle  OJ/C,  coniput«  the  ftogle 
MCO  ami  the  line  OC;  add  Z  J/CO  to  Z  MCQ,  and  having 
prcvioiisly  ciilculnt«d  QC,  find  in  tlic  trinngic  QCO  th«  at^^ls 
C'C/0  and  the  side  QO.  vSiihtmc't  Z  CQO  from  Z  CQB  and 
obtAiti  Z  QQA.  Tlicn  )iiitting  tliv  side  QO  =  a,  Q/?=x,  and 
QG=y.  wu  mity  write  the  fyllowiug  equations: 

xif  na  HQG  =  1  area  //f^^. 

ax  sin  CQO  +  ay  sin  0(^0  =  S  area  ^Q<?. 

From  thi^^e  L'quiaiun)i  obliiiu  y.  Sulitnict  !t  from  AQ.  found 
Ijy  nine  pvoporlioii,  nml  the  lUxtaneo  fmin  the  corner  A  lo  the 
extremity  of  the  diTision  line  GIf  at  G  will  he  the  result. 

Ttx'U  iu  the  triangle  (JGIlGnd  QH;  wlitncc  the  len|!tfa  and 
bearing  of  UU  may  bo  computed. 
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EXAMPLE. 


It  is  Kqaind  to  divide  tbc  fsirta  described  in  288  (Example  1) 
BDto  fbur  iKiutrnlont  pnrts  by  two  linpii  intprsrcting  oppoajto 
sMm :  oao  of  Uie  diviHiun  lines  is  to  bt>  parallel  tn  tlie  firHt  side. 
Locate  the  division  liut-s,  and  dytcruiio*;  their  k-ugtba. 


0.    POLTOONB. 

292.  Given  a  polygon,  to  divide  it  into  (ico  parts  knviny  a 
given  raiiv,  or  to  cut  uff  a  yivan  arta,  iy  a  line  through  a  given 
foint. 

Let  OPQRTV  repreaont   tti*    polygoD  given   bj    its   bear- 
ings and  diDtanras,  or  angles  nnd  nideK. 
aud    HUp[>ueo    the    tine   bu    ri'<[iiirc<l    hi 
run   from  P,  uitlier   au   itugk-   or   nay 
given  point  in  a.  «lde.      CalcuUte  the 

ares  of  tbe  polycon,  and  take  the  ■  "*  - 

711+  11 

part  uf  it  as  tlic  area  to  be  cut  ulT  to 
tbe  right  of  tlie  lino  extending  from  J'.       Q  it 

Kill)  a  trial  line'  from  /'  iis  PT,  ciiU-iilatc  the  area  of  PQRT, 
and  dctermiufi  vrbfthvr  tlie  nri>s  thus  cut  off  is  too  amall  or  too 
large,  ami  liow  miicli.  Hupixjse  it  is  too  sma)] :  then  tlie  extrem- 
ity T  of  Uii;  division  Iiir-  I'T  nuist  be  inovvd  towiirdu  V  U> 
some  point  J'.  To  find  tbi«  point,  denote  TV  t>v  x,  tlie  a.ug\e 
TTP  hy  T,  the  dintiince  PT  by  fr,  and  the  asea.  of  the  triangle 

PTT  by  a;  then 

}  bx  sin  T=  a, 

from  which  wc  flnd        x  =  — ^■ 
r     -  btinT 


*  Th*  tmring:  ui<l  rfiftAnce  «f  PT  may  tx-  r«lpulftl«d  from  th«  i)«tH 
llren — nilhout  k  tTt«l  Yiae  —  na  hi  stijijiSj^iii).'  i>miMi<ina.  U,  hajn-rcT, 
tha  b  ilone.  Ilip  Mirveyor  <lioiil<l  iioi  nmit  lo  m^aaiire  ihv  illvision  liru-  to 
T^rify  bi«  work.  In  [act,  h  i*  xhc  beat  proetiufl,  bo  m*ttrr  nhal  mclhuil  U 
idotited  (o  nbtftin  the  dl*liiioii  line,  to  alwaji  teit  the  compuution  lijr 
neuuNniAat. 


293.  Gft'en  a  polygon,  to  divide  it  into  twopartt  in  a  given 
ratio,  nr  to  cut  nff  a  giveiv  area,  by  a  line  throng  a  given  ^ittt 
■within  the  tract. 

Let  the  marginal  figure  Tepresent  the  tract,  Pthe  given  point 
It  tlift  urea  to  be  cut  off  i«  not  di- 
rectly given,  imlcalate  ttic  contents  of 
tbu  tract,  and  Uieu  by  tlie  ratio  deter- 
initie  the  quantity  to  I>e  cut  off,  uiJ 
denote  it  by  A.  Itiin  a  trial  line  TT 
through  /*,  dividing  the  polypon  as 
nearly  as  may  bo  judged  in  the  re- 
quired manner.  Meaiinre  TP=h,  PT 
=  c,  snd  the  angles  T  and  T".  t'alni- 
late  the  arcn  of  eitbur  part  of  the  iioiygou,  aud  thus  osccrtaiii 
ivlictlicr  T  aliould  B(>pi'oaeIi  or  recede  from  O-  Siip]»»i(t  Uie 
ana  T^MVP  is  cnlcjidat^xl  ami  found  too  Bmull  by  n  (iniui* 
ttty  a,  And  that  T)L  rfj)rt'«<-ul«  the  riivii*ion  line.  Put  DP~r, 
PL  =  V.  the  angle  PTI)  =  T.  PTL  =  T,  and  the  angle  at  tin 
point  P  =  P.  wbieh  is  rtijuircd,  eiuc«  Ibat  will  indicate  tt«  di- 
reelion  of  the  division  liue. 


'rhea 


i  cjf  Bin  /•  —  i  bxabiP^a 


x  = 


y  = 


ft  win  T 

siu(r-i-i')' 

can  7" 
»\a{T'-\-P)' 


m 

<8) 


SiibititatiDg  the  values  of  x  ami  y  from  (2)  and  (3)  in  (1) 
there  results 

r*mnr'8inP     I'sin  TAaP 


fliu(r'4-y')        e\Ti{T+P) 


=  3a. 


(*) 
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Expaoding  the  denominators,  dividing  eacb  fraction,  numelv 

ator  and  denominator,  by  its  nomerator,  and  writing  for  -;— 
the  cot,  there  results 


cotP+cotT'     cotP  +  cotr 

Putting  cotP=p,  cotr  =  i,  and  cotr'  =  (',  we  may  write 
more  simply : 


p  +  t'     p  +  t 


:2a, 


•2a  •2a    . 

whence  p=-|(.  +  ^-^ 


Beatoring  values,  we  have 

cotp^-l^cotr+cotr-^) 
^o-cot  r-ft-cot  r  _^^ y  ^^  ^^1/  ^  y^^^  ^-^'- 


± 


The  problem  may  be  simplified  when  !t  is  practicable  to  run 
the  trial  line  at  right  angles  to  one  of  the  sides  of  the  polygon. 
In  tlie  tract  given,  suppose  TT  to  be  run  perpendicularly  to 
SV;  Uien  cot  T*  =  0,  and  Equation  (5)  may  be  written 

=  2a, 


ootP     cotP+cotr 


and  ootP=— fcotr-^^^ 

21,  2a  ; 


-J'-^^4(— ^" 
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''^.^ 


V 


*-,. 


2Qi.    Given  a  polygon,  to  cut  off  a  tjiven  area  bt/  a  line  patting 
tliTOfigh  a  givm  jrohil  without  Ott  tract. 

Let  tbe  marginal  figure  represent  the  cniM!. 

Iff  nf  As  in  the  prec«diDg  article,  run 

a  trial  line  P7"  from  /*.  mid  8U|>- 

poee   it  is  made    peipemliirtilai'   to 

f^  RV'    Culonlato,  a«  btforc,  the  con- 

fr'    tent  of    ryMVT',  nnd  usccrtmii 

fL        tlic  Rinounl  to  l)U  fukled  to  make 

the    rcq  u  ireri    area.       Ueuote ,    ft» 

i*  btiforo,  thiij   iijta  1>y  o.    PT  =  h, 

Pr  =  e,  PO  =  Xy  FL^y\  the  auglea  at  P,  T,  etc.,  by  P,  T, 

etc.,  and  DL  ttiv  dividioa  line  ;  then 

Icysm  /*—  )  faa-sin  i'=ft,  {^y 


x  = 


H 


8iu(i»4-r)' 

c 


cosP 


Sabstitnting  the  valuen  of  ar  and  1/ IVori  (3)  nnd  (3)  in  (1), 
BJid  nKluciiitj  tut  in  the  preceding  problem,  tli«re  retttilta 


oot  /*=  -  — 

4a 


liacotr  +  6> 


-) 


.     c'ctitr. 


[h 


Zftcot  r-f 


The  Ktudent  may  verify  the  vaXwM  Toimd. 

295.    Oiv^n  a  poli/gon,  to  diviiU!  it  into  ikrtf  part*  haeing  a 
given  ratio,  fty  Hues  radieUiny  from  a  given- point. 

ti,  Tjpt  the  figure  represent  the  p(^ygoD. 
OOd  suppose  the  point  is  in  one  side  at 
P.  CalciiUlc  the  area  of  tlio  whole  trart 
and  atic-fi'lain  how  much  cac-li  division  !a 
to  cotttaiii ;  then,  by  Arlicle  'i'-^i,  cut  off 
the  reciuiied  areas  PVTSL  and  POQD^ 
and  the  problem  is  solved. 
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b.  If  the  poiuL  i«  within  lUe  tract,'  cat  off.  by  Article  293, 
one  required  portioD  DVTSKH  by  n.  Hud  DK  through  /*.  ftiid 
bv  the  preceding  article  divide  the  reinaitidrr  bv  the  line  I'L  as- 
required.  If  PL  cuts  off  a  quadriljit«r»l  on  citlicr  Bid*,  Artiolc 
2««  niRV  W  \wc-<\. 


V 

^M  c  U  the  point  \»  without,"  proceed,  n«  in  Article  291,  to  cut 
^^off  th*>  riviiiirtvl  portion  KVTSDK  and  fJOQLU ;  the  reumin- 
^^  d«r  ilLRDKU  will  b«  the  lliird  [wrtion. 

^P  It  Is  evident  that  this  principle  may  be  nxtended  to  any 
^  Dumber  of  parts. 


r  J. 


Kuo 


396.    To  cut  nff  from  a  ffivnn  jTolygon  a  f^vtsn  area  by  a  tine 
niMu'ji^  in  a  given  direction. 

Let  the  llgure  r^proiient  a  tr&ct  whluh  it  is  required  to  dlvlda 
into  two  cqiiivnlt^iit  [mrts  by  n  line  J)L  [mriiilel  to  RS. 

•loin  QT,  calculate  its  iLtiirLh 
awl  bcftriuf;,  uiid  hIw)  the  content 
of  QHST.  Snbtraet  enid  content 
from  onc-hnlf  Ihf  urea  of  ihc  vf  liul*! 
tract,  thereby  obtniniu^t  thn  ni-eji 
Dh  TQ.  Then,  by  .Vrticlu  237.  ihe 
leiigtli  and  |>oaitioii  of  tht:  division 

lO    may    be   determined.       It    is        " 
eiidout  Hint  tliiB  princtpli?  iiifiy  he  extendod  to  any  nundier  of 
suljdinsioQS. 


i 


u 


dirinon  b  to  conuin. 


tl)>e   rati»,  huw  much   v*clt 


1.  The  stuilent  may  iodicate  bow  be  would  diridc  DQRSTL 
into  two  equivalent  parte  b;i'  a  line  perpendicular  to  DL. 

i.  Sbow  bow  to  dindc  DPOXMVL  into  two  oqairalcot  put* 
bjr  ft  line  extending  from  the  middle  of  DL. 

S.  Dtride  tlie  fsna  described  io  Article  234.  F.xam|ile  4,  ioto 
two  eqairalcDt  parts  bj  a  line  nioniug  doe  ca»t. 

297.  From  a  (md  of  land  of  k-AicA  one  or  more  of  the  bowf 
dury  lines  iV  irr«f*dar^  to  ita  off  a  given  area. 

a  I^t  OPQRT  repre»eat  tbe  tract 
wbivb  it  iji  rtrquired  to  divide  idIo  two 
eqiinl  putts  by  a  line  DL  [parallel  to  PQ. 
Siiney  Uic  land,  lakiug  offsets  aioug 
RO.  and  calculate  the  area.  Theo 
the  problem  may  In:  solved  by  Article 
286. 

29B.  To  Strai^fhteD  Boundary  Llum.  Ii  is  someUioM  re* 
quired  to  siibfititute  a  etraiglit  line  for  nn  irregular  nr  crooked 
one  between  form»,  aad  to  leave  tbe  same  quantity  of  land  ai» 
before  in  each  tract.    Let  ORQ  be  the  line  wbicb  it  is  required 

X  to  etraigbteo  by  a  line  extend- 
ing from  O.  the  bearings  and 
dislancea  OR.  RQ.  and  the  bear- 
ing of  QT  btfiug  known.  Bun  a 
trial  line  OP,  noting  the  dis- 
lanoos  RK,  OK,  KP,  and  PQ. 
and  calculate  tbe  areaa  of  the 
triangle  ROK  and  PQK.  If  il 
llAppena  that  the  triiin^le  UOK  la  equivalent  to  PQK,  tben  OP 
will  reprceeut  the  line  Hungbt.  If,  as  Is  generally  the  case, 
their  aroa»(  are  nut  equal,  take  the  difference,  and  snpposc  in 
thU  case  PQK  the  less.  Tbe  problem,  then,  is  straply  this: 
Uivco  unc  sidc)  OP,  of  a  triangle,  and  the  diructiou  of  aoothert 


I 
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PT^  to  cut  off  a  given  area  bir  a  line  0/",  to  Rnd  the  distnace 
Pf.    Tbe  solatioD  is  gircD  in  Artick  S57. 

OthervHte,  with  th«  gir«n  benringR  nod  dUtancett  oiUculate 
tbe  area  of  Uie  trinDgle  ORQ  and  the  length  and  bearing  of  tlio 
dosing  line  OQ.  Thfii.  a»  hefort-,  having  one  side  of  a  trinnglft. 
the  direction  of  Another,  nud  lli«  area,  flud  QF  nud  the  bcuHuj; 
and  difttaace  of  OP.  The  nork  should  be  verified  b;  actual 
measuroment  of  angle  and  distance. 


EXAMPLE. 


OiTcn  OK.  N.  .W*  30'  K.  lO.BO  chains ;  «<?,  S.  70'  tV  E. 
J9.82  ciiaioa;  QT,  N.  \r  W..  to  find  qP  aud  the  bearing  and 
distance  of  a  line  OP  which  will  straifihtcTi  tbe  boUDdarr. 


• 


R 


6 


T 


MISCELLANEOUS  EXAMPLES. 

i .  It  is  requirud  to  lay  out  a  lot  to  contain  one  acre,  and 
baring  an  e(|iial  frontage  on  ivo  atri^eta  which  intersect  at  aD 
angle  of  84*  W.     Locate  the  wnmra  of  the  pnjperty. 

•2.    From  a  »quape   tract  of   land  OM^It,  which  originally 
cxintained     16<l     acres,     the     soulhwest 
quarl«r  was  sold.     It  Ik  reqiitred  to  (Ind 
the  uiiifonn  width  of  a  utrip  .\fNLVTS  " 
which  Bball  contain  -10  acres.     How  tnao^' 
rod*  of  fCDCtng  will  the  tract  require? 

3.  A  rectangular  tract  of  land  16.30 
cfaaiofl  long,  and  M.AOcliaina  wide,  valued 
at  tifM  per  acre,  is  to  he  divided  among 
three  persons  so  that  the  fir»t  »linll  liare  Sl.OOO  worth  of  it ;  the 
Recond.fOUO;  and  ih«  ttiirU,  the  remainder.  Locate  the  (jointa 
of  diciaion  on  the  long  side. 

4.  Tbe  bearing*  of  two  aides  of  a  triangle  are  0^f,  N  60°  E., 
u»d  Oy,  S.  ■40°  K.  It  irt  repaired  to  cut  off  from  the  comer  O 
H)  isoHcelce  triangle  coutaiuii^  IC  acres.  Locate  and  find  the 
leogtb  of  tbe  dinsiou  line. 
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b.  There  U  fl  fann  ia  the  form  of  a  tt-apeziiim  the  area  oC 
vhicb  id  given  lut  87.7)4  ncrpn.  The  descriptton  of  ita  boiio- 
daries  is  verv  much  etfaoed  :  all  that  is  legible  i»  M  follows : 

Begitiuiiig  aL  Uif  iiurthvic.-)it  corner,  thence  (1>  S.  Tfi'  K. 
<tli8Uiiic«  efFacvd)  ;  (2)  S.  10"  K..  diittaiioe  26  cUuins;  (S>  S. 
a'  W.  (distance  effawd)  ;  (4)  N.  ti"  W.  (difttaace  effaced). 

It  ia  ro(iiiir«*l  to  p«rfcct  the  description. 

Si:<:r.K5riH>c.  Prnlong  tlit-  sHOoml  and  foarth  sides  tint^l  tli«j 
meet,  and  calculiiU;  tlie  arwi  of  ihi:  triangle  cxlfrior  to  the  tract. 
Add  it  to  the  giveu  area,  wheace  the  leuglh  of  the  (IrsL  side 
may  W  readily  comiintod  ;  the  eoooiid  and  fourth  sklea  may  be 
found  eaaiiy  lij  oitlier  of  two  motliode. 

6.  ReqttifMl  the  length  of  a  chord  which  will  cut  off  ODe-tiiinl 
jjiirt  of  n  circle  whosp  radius  in  IflO  feet. 

Si'txiETiTioN.    Let  id  denote  the  central  angle,  and  r  the 

ladiUK,  for  convenience.    Theu-^^ — — —  nla26  =^^ —    Whence 

180       2  3 

6  may  be  obtained,  and  heuce  Uic  chord.     The  angle  nill  lie 
the  same,  no  matter  what  Uie  radiutt  may  be. 

7.  A  trapezoidal  field,  the  two  parallel  aides  of  whicb  are  16 
and  10  chainti,  and  the  [ii^rjjcndicnliiidixtauec  between  them,  12 
ehaiuB,  18  to  be  divided  into  two  equivalent  parts  by  a  liofl 
parallel  to  the  ^iveii  xide^.  Tt  is  required  to  detvrmiite  the 
length  nf  the  divihion  linn  and  lorate  ItH  extremities.  iLe  wdea 
being  equally  inclined  to  the  bases. 

8.  (iiveii  the  sideB  of  a  triangle  Oli.  i80  yards;  ItQ,  200 
yard*  ;  0(J,  SOfl  yitixh  :  the  dist-ance  from  O  to  a  point  /'  outaidc 
thf  timet,  -i-iO  yardd ;  and  the  angle  I'OQ,  i(f.  It  is  required 
to  run  the  centre  lino  of  a  sti-aight  road  lliroujib  J'  and  aetOM 
tlio  fiv'ld,  so  a«  to  divide  the  tract  into  two  wjual  ])nrt8.  Locate 
the  |)oiiiT«  where  liie  road  will  croHS  tliH  triangle. 

9.  Given  the  sidea  of  an  irrc^ilar  pentagon,  nud  the  per- 
y)endicular  distance  to  each  from  a  [)oint  irithia.  Show  how  to 
divide  the  tracts  into  their  equivalent  part*.  Alao  into  thrw 
parts,  having  the  ratio  minip. 
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10.  fliven  ia  a  trniipzoid  MXOP  (no  figure).  /*Jlf=  38.50 
cbiins;  J/A'.  uac  of  the  (mralk-l  sides,  64.80  chaius ;  JVO.  41 
cbataa ;  Uie  lujglt:  .V,  >^y  '-ii}' ;  ami  .Y,  70"  iO'.  It  is  required  to 
dirki©  the  truot  into  two  pfiru  in  llie  ratio  of  2  :  3,  by  a  line  DL 
parallel  to  the  parallel  siJos.  T1il>  part  MNDh  is  to  Iw  llio 
greater.     Find  tho  loiigth  fttul  locntiou  of  the  division  Ituc. 

11.  Given  one  side  of  a  trtnn^lar field.  LSUy&nUt;  thean^^le 
opposiic,  20° ;  and  the  ratio  oC  the  other  two  aittea,  7 :  10. 
Find  the  area. 

12.  Show  ttiat  tbe  area  of  a  Lriipoziutn  is  c([ual  to  ouQ-liatt 
the  product  of  its  diagou&ls,  by  the  sine  of  the  angle  of  tbeb 
intersection. 

13.  From  a  point  within  a  trinngalar  field,  the  SJulM  of  wbtcfa 
were  a^ual,  I  meaflurcil  the  diatanceiit  to  the  three  aoglea,  and 
found  them  L2.5,  10,  and  T.fi  chains  n'spcctivcly ;  required 
the  ar«a. 

■  A>i».     M  A.  1  K.  23  P. 

^F  The  above  probkni  is  given  in  Oummer^'s  Surveying,  nnd  by 
Mtnie  survcyoni  it  is  conttidcred  difficult.  Tlitt  followiBg  in  on 
^r  ouUiuv  of  a  Holiition:  the  ittiidPiit  will  Hupplr  what  ia  wanting; 
^f  Vi'iiXi  llie  given  distjiiicf!*  form  the  triangle  ABC.  On  AB6&* 
scribe  an  equilatvraJ  triangle  J  BD  ;  join 
CD  by  a  rif^it  line,  and  on  it  duRcrihe 
an  equilateral  triangle  C'DJC.  CUE  is 
Iho  triangle  in  quei*tloii,  :uid  B  tbe 
point  witliin.  For  BC  and  BD  are  evi- 
IcDtly  two  of  the  iiicaHurvd  digtauces, 
ni  BE,  it  xrili  bo  perceived,  i*  tlip 
pother.  Ihroiigti  tbe  Kiniilarity  and  vquuljty  of  the  triangles  ADC 
BDE.  To  find  the  area  of  CDE,  comput«  the  angle  BAC, 
angle  CAD  ticrnnies  known;  now  with  the  two 
AV,  and  the  inehidfd  aajilc  CAD,  CD  ia  easily 
ietcnnined,  and  bence  tlie  required  area  of  the  triangle  CDS, 


299.  The  FUne'Table.  ua  its  nunic  intltcatca,  is  a  table  or 
board  which,  being  covered  witti  paperi  and  liuviog  certain 
appHiiuccs  for  Icvplliiig  nnfl  sigliting,  ^nnblcii  tbo  «in'pyor  to 
determine  points  nml  lines,  and  to  delineate  lUem  on  the  paper 
in  their  relative  positioD. 

It  is  uaed  iu  "  nilttig  in  "  the  details  of  topogmphical  work, 
and  generally'  for  the  location  of  points  whcfo  great  aocuracv 
is  not  required,  on  ficcoant  of  the  rnpiditT  with  which  surrey* 
by  it  may  be  effected. 

300.  The  Board,  which  is  rectmu^nlar  in  Bbupe,  usually 
a-i  bj-  SU  iucbet»,  U  made  of  pieces  of  weU-:>eaaoaed  wood  Joined 
advantageously  together  to  prevent  warping,  and  Is  fhmishod 
with  rollers  or  clamps,  by  means  of  which  the  paper  is  kept 
securely  stretched  upon  it. 

301.  The  Plumbin^-Arni,  which  is  pointed  at  odc  end,  and 
from  the  other  a  phimmet  is  suspended,  is  n«ed  to  determine 
the  [>oiat  on  the  ground  immediately  under  its  reprenentatire 
on  ihc  bofti-d,  or  riire  versa.  The  lower  j»art  of  it  moveii  iiik»h  lui 
axis  wliicb  has  an  index  (it  its  extremity,  by  means  of  which  it 
may  be  asecrtaioed  when  the  bob  ood  point  upon  the  taUo  are 
in  the  same  vertical  line. 

302.  The  Tripod  and  its  Head  are  similar  to  those  of  the 
oixlinary  transit,  though  heavier. 

A  metallic  plate,  ecrewed  faat  to  tlie  table  ftod  havinp  a  soli-i 
ooDleal  spindle  ])rojeetiQg  from  its  ccntr«,  affonU  tbo  meaiu  o( 
attaching  the  bead  to  tbc  table. 
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The  tjiptKl-liead  admits  of  a  slight  lateral  motion  U)  the 
board,  aud  U  inorldi^d  with  lerelUng>cIaiiip  aud  taiigeot* 
screws  similar  to  tlic  i^ointnou  tronatt. 


303.  Of  Alidades  ther«  are  several  kinds.  One  of  the 
beet.  Iiowevcr.  for  ordlniiry  piiri>OHi.-s  in  imiiculed  in  tin.-  llgiii-u. 
It  cuiiHiBtti  of  a  brass  ruler  nr  straight  edge  about  22 
incbcH  loiig  aud  two  iucLue  wide,  Troni  which  rigca  a  culumn 
surmounted  bv  a  telescope.  Tlio  power  of  the  telescope  at 
least  equal«  timt  of  the  vciinmon  criiiDtit,  and  it  ]»  pruviilud  with 
stadia  wiroH,  hns  an  attached  level,  rartical  arc,  with  the 
neonwar^'  adjusting  movcuii^nts.  It  ia  net  ou  the  oolunin  so 
thai  the  lioe  of  collimation  ia  \a  or  near  the  same  vertical  pluoe 
wiib  the  hoTfillod  edge  of  the  rul«r. 

A  (tiirallel  mier  allowing  a  ver;  dlij^ht  deviation  from  this 
plane  ia  Honietiniuo  ii»ed.  imd  Oie  work  Is  tliereljy  facilitated. 
A  small  levvl  is  placed  ou  the  tup  of  Ihu  i^'<iliiiuu,  whii-h  scrvea 
to  indicate  any  unequal  settling  of  the  iuetrumeut.  'IVo  spiiit 
le?cU  Bt  right  nngU'S  to  cneli  othtr  are  placed  upon  the  table  to 
mdtoale  when  by  Ihi"  levollini^-scrx'wa  it  ia  nindn  horizontal ;  or, 
;be  le%'els  are  attachi-d  to  the  ruler  of  the  alidade,  one  in  the 
loi^itudiDal  dtrectiou  of  the  ruler,  the  other  perpendioulai 
to  it. 

'  304.  The  Declinator  is  dimply  &  box  containing  a  mnfpimtio 
needle  which  has  a  range  of  12  or  15  dcgreei*  on  each  Bide 
of  thu  Kcro.  It  is  uDed  in  orivnUn^  the  table ;  that  is,  to  place 
&  ^vcn  point  on  th<!  table  ovor  that  on  tlio  groiiud  which 
it  represeota,  and  to  nnise  a  liue  of  the  paper  to  lie  in  the  anmc 
Tenical  i^oe,  or  parallel  tb«r«to,  with  its  vouDtorpart  on  the 
ground. 

Before  tfa«  tabU'  is  rvinovcd  from  its  lir»t  poeitioa,  or  at  the 
time  of  di-awtug  th«  first  Hii*  of  the  aur^-ey,  the  di'ciiuatar  may 
be  placed  ujion  it.  aud  the  nei-dle  allowed  to  rost  at  zero  ;  theii 
a  pencil  drawn  alongside  the  box  will  trace  a  north  and  south 
line)  since  the  sidea  of  the  lx)x  are  innde  psmlltd  to  the  Hue  uf 
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zeroa.'  When  the  table  is  oriented  at  any  other  station,  tb« 
di'cliu&bor  will  give  Ui«  ttanie  rwuliufj  if  pliiL-eil  along  Uie  same 
liue. 

AWUSTMENTS. 

305.  From  the  nature  of  the  service  in  xoroe  sections  of  the 
country,  the  plivae-tablu  i»  often  OBcessarily  aubjecled  to  rough 
usage,  and  there  is  a  constnnt  linbilitj  to  a  dinturbaiicc  of  1h« 
adjustments;  still,  in  careful  tmnds,  a  wclNmade  ioatriinicnt 
may  Ih<  tiecd  uutlor  very  uufiivorable  condiLiouii  for  a  loug  tiui« 
without  bclug  jjcrceptilily  affected.  One  shoiitd  not  fail,  how- 
ever, to  make  occnsinnal  cxmninationst  aod  while  at  work, 
if  any  difltculty  be  encountered  which  cannot  otherwise  l» 
accounted  for,  it  should  lead  directly  to  a  Borutiiiy  uf  the 
adjustinenta. 

306.  The  Fiduci&l  Ed«re  of  the  Riil«r.  Tbia  aboold  be  a 
tnio,  straight  cdjfe.  I'lncc  the  nder  upon  a  aroooth  snrface, 
and  draw  a  Uuu  along  the  edge,  marking  ali^o  the  liuen  at  the 
enda  of  the  ruler.  Reverse  the  ruler,  and  place  the  opposite 
ends  upon  the  marked  |Kiint»,  n»d  again  draw  the  line.  If  the 
two  liiiea  coincide,  no  adjustment  is  necBesary;  if  not,  the  edge 
must  l)c  made  true. 

There  m  one  deviation  from  a  straight  line  which,  by  a  very 
rare  [X>88tbiUty,  the  edge  of  the  niler  might  aaaame,  and  yet 
not  be  slioTTii  i>y  tlic  above  test;  tt  is  wlicn  a  part  is  convex 
and  a  part  similarly  situated  at  the  other  end  oODcave  in  ex- 
actly the  aarae  degree  aud  proportion.  In  this  Case,  on  reversa!, 
a  line  druwn  along  the  edj^e  of  the  ruler  would  be  cotoddefit 
with  tlie  other,  though  not  a  true  right  line  ;  this  can  be  tested 
Ijy  an  exact  straight  edge. 

307.  The  Level  Attached  to  the  Buler.  Place  the  instni- 
meiit  it)  the  middle  of  the  tiihle,  and  bring  Ute  bnbble  U)  the 
centre  by  means  of  the  levelliog-screwa  of  the  table  ;  draw  Linefl 


« 


*  Any  orhcT  bearing  which  mnj  tw  rcoid  will  muwpt  tho  purpose. 
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along  ihe  edge  and  ewia  of  the  ruler  upon  the  board  to  show  ita 
exact  poaitiout  tliea  reverse  IH*)".  If  the  bubble  remain  cen- 
tral, it  is  in  ndjuetnivnt :  If  not,  correct  it  onu-balf  by  itieuuu 
of  tite  levelling-8crew»  of  thu  table,  and  the  other  bnlf  hy  the 
adjiuting-screwH  attarlied  to  the  level.  Tliui  stiniild  Ijg  re- 
peated until  tbc  bubble  kcops  ita  ci?atnvl  jiositiou,  wliicbuvcr 
irnv  tliv  ruler  may  be  placud  ayxta  tlie  tabic.  ThU  prt'Hupposcs 
tke  plane  of  the  lionrd  to  be  true.  If  two  levelu  flr«  on  tbe 
mien,  tliey  »■■«  exumiued  and  ndju^ted  in  h  liko  mnnner. 
H  Great  care  ahould  be  exerciaed  in  manipulation,  lest  tbe 
table  be  disturbed. 

306.  Cansc  the  line  of  sight  to  revolve  in  a  vertical  plane, 
make  the  bubble  of  the  level  attached  tu  tbe  telcftcopo  read 
srro  when  the  line  of  sight  i«  horizontal,  and  test  tbe  vernier 
arc  for  index  error,  each  as  iu  tbe  traueit. 


,  MmiODa    EMPLOYED   IK  PL.iSB-TABL£   SCBTETINa. 

'  309.  PoSnta  may  be  looated  witli  respect  to  oog  another  by 
oltlKr  of  four  methods.  In  actual  practice-,  however,  a  combi- 
nation  of  some  of  tliem  iit  frequentlv  employed. 

310.  B7  lladiation.  Supiioae  It  Ls  required  to  make  a  plot 
of  a  Ik-Id  KLMSO,  all  the  corners  of  which  cau  be  aeen  from 
a  point  /'  witbia  it.  Haco 
Ibc  inatmment  at  F,  level  j^ 
and  clamp  it.  Kind  a  yiomX. 
p  on  the  paper,  directly 
over  P  on  the  gronnd,  and. 
keeping  the  Itevellud  citge 
of  the  ruler  00  p,  point  the 
telesoo))e  to  any  corner  of 
the  trai't.  aa  K,  lly  mejum 
of  the  atadia  wires,  or  chain,  obtain  the  distance  PK,  and  lay 

off  to  any  deaired  acale  in  the  direction  of  tbe  jioint  sighted. 
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tbue  plotting  pk.  Id  a  similar  maaoer.  locate  the  other  ooroers. 
Join  by  straight  lioeB  lh&  puintt  thus  determined  ;  nnd  Ibc 
roBultiiig  (igurf  kimno  will  represent  the  tract  siirvDycd.  It  is 
obvious  ttiiit  the  iM>sitiou  of  ubjeotH  such  as  baildtngs,  tree*, 
etc..  if  visihie,  niav  be  determined  bjr  tliis  tnetliod.  and  tliat  it 
u  iiuinaterial  whctli(;r  tlie  iuatnimeiit  he  Mt  up  iu  the  Scld  or 
at  one  of  tho  iuiglcK,  providing  ail  the  stations  c«o  be  seeu  from 
the  point  selected. 

311.    B;  Frogrestion.     Thta  metltod  requli^e  the  instrumeni 

to  be  svt  up  ul  every  statiun  of  the  tract  to  be  euireyed.     I>et 

jf  KLMNO  represent,  m  bc- 

, H— -^^^^  '^"'''^'  "'*  field,  nnd  HUppooo 

Die  instniment  Im  5rBt  placed 
"7^  at  A',  and  that  k  on  the 
-^  paper  ci(>Mgnates  this  |)oitit. 
With  tbc  alidade  directed 
towards  /,,  draw  along  it  an 
indefinite  line.  Obtain  by 
stadia  or  chain  tlie  diittance 
A'i<,  and  lay  it  off  to  a  desired  Bcalci  thus  locftting  ^  RemoTe 
the  instrument  to  L,  orient  it,  and  locate  m.  Continue  in  the 
Bftuio  nianaer  to  locate  m  nnd  o. 

When  the  table  is  oriented  at  any  station,  as  Jtf,  the  line 
ML  sliuiiM  lie  in  the  vertical  plane,  with  it^  representative  nd 
on  the  plot,  and,  having  gone  round  tbo  tract,  the  la«l  liD« 
sboidd  close  with  the  fii-st  station  k. 

Thia  metlifwl,  in  cvjnjunction  with  tlio  preceding,  may  be 
eiuplfiyed  Bdvantageously  iu  the  survey  of  a  rond,  iitreain,  etc 
The  centre  line  of  the  road  nr  bank  of  the  stream  may  he  trar- 
ened  by  Ulc  inDtruinent.  placing  it  at  each  angle  or  bend,  at 
in  the  survey  or  .t  fleld  by  progression,  and  determine  by  ibe 
method  of  radiation  the  ijusiiiun  of  prominent  ohJecUt,  aacb  as 
buildings,  bridges,  trees,  etc.  If  there  be  ailded  to  tiie  above 
a  sketch  of  the  general  fentnrea  of  the  groand,  a  corai^ete  map 
will  be  li&d  of  the  belt  of  couatrr  traversed. 


/ 


^ 


I 

I 

I 


312.  By  Int«r«ecUoiu.    Let  it  bo  requii-ed  to  plot  tho  stations 
-V.  O,  P,     Mcaiiitv  carvfiiUy  the  base  line  LN,  aiid  draw  to  a 
cuiivetiient   scnle   hi    m\    tlio    p»|)or 
[  lo  repKxent  it.     At  the  RXtretnition 
Uiis  Imso  liuu  oric-Dt  nnil  |)oint  the 
liDGtmiueiit  to  the  seveial  »utiou8. 
riic  iDtorsectiooft  of    the  pairs  of 
aes  dmvn   from  tbo  base  Udo  to 
lese    stations    will    indicrAte    their 
{xnition  ou  the    plot.      Tlii'ir  dis- 
Uiitces  (Voni  the  base  liiK-,  if  tit^fsired, 
may  be  obtained  by  a(>pl>'iDg  the  scale  used  iu  the  constructioD 
of  fn. 

If  »  field  or  closed  trat:t  of  lanrl  is  to  be  Burve^ied.  a  portion 
or  all  of  <iuo  itick-  iniiy  be  ust-d  as  a  biiHt-  Hue,  or  a  base  may  be 


^kelioceii  oiitAtde  the  trat^t. 


This  mothwl  is  obviously  well  adapted  to  the  mapping  of 
harhoni,  shore  lines,  niitl  geiu>rally  to  inacceitsible  points. 

Of  course  In  ihiH.  rut  in  a!!  rriiingiiljition*.  well-conditioned 
triaofElcs  giix  nioi-e  Hatisfactor^'  results ;  that  is  to  say,  avoid, 

poesible,  tuiglcti  te&H  thau  30°  or  grtiater  tliun  1>^0°. 


/ 


313-   By  Hesection.     Thii^  method  reijnires  the  tnenBurement 
[of  one  Hue  nnd  the  arceHiibility  of  all  t>h«  stntious. 

Let  JCLMMO  represent  llie 
[points  to  be  plotte<l. 

Ot)tAin  tlie  diittauce  Ijeln-L'eii 
[two  of  them,  a»  OA',  lay  it  olt 
Ida  the  tabic  to  a  aiiUnblLr 
Iseale,  sad  let  ok  repre^viil  it. 
[Orient  Uie  tsblv  at  k;  yu'ml 
Elbe  alidade  to  L,  and  <lr»w 
ikMig  itA  (idacial  edge  nn  in-  jf- 
definitc  line.  H^'iiiuve  die  lU'^ 
rumcDt  tu  X,  and  orient  it.  Then  with  the  alidade  centring 
o,  point  it  in  the  direction  of  O,  and  driiw  a  linu  along  iU 
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eUge :  this  Uav  will  iutcrsect  UL  ia  som«  point  I,  whicb  will 
locate  /,  on  the  ]>lot.  Tlirougli  (  draw  a  line  towarda  Jtf, 
rcmovf  tlie  iiiAtruiiieiit  to  J/,  luwl  proceed  an  before.  Obj«rt» 
on  either  iride  of  the  liiica  may  be  dutcnniticd  bT  radiation  or 
by  intuntcctiuu.  ntid  furtber  dulailot  tf  dvetircd.  aketcbcd  io  iia 
the  work  iiroceeds. 

314.  DeterminatioQ  of  Fositioo  by  K«s0Ction  on  Hun 
Known  Points.  In  tbin  prubk'iii  Uircv  stAtioDS,  L,  N,  O,  an 
pl(tlli'<L.  Ill'  /.  II.  o,  on  tbe  tfible,  and  tiie  itif^tniment  Iwiog  set 
up  ovi-i'  it  to\itl\i  ijoint  /',  it  \i  rcquireil  to  find  the  poaitiou  of 
tbiH  point  on  tbe  map.  ThiH  is  tbc  Uiree-point  problem  of 
which  geometrical  LHniHtruL'tions  and  analytical  ttolutiona  are 
givfu  in  Chapter  II,  Swtioii  IV.  It  may  be  solved  thus: 
Fa^iten  a  ehcet  of  trncin;; -paper  on  the  board,  fix  a  point  j»to 
represent  tbc  station  nt  wbifh  tbe  inslruniCQt  ie  act;  witb  the 
lUidnde  centring  on  p.  diruKt  the  teleHCo|>e  HUt-ceaaiTely  to  L,  0. 
and  N,  nud  draw  lines  of  itidi-Rniti*  iengtb  along  tbu  ral«^s 
edge  tonanls  these  stalioii.'*.  Thou  if  the  traciug-paijer  be 
stiiftcd  until  the  three  Huch  thiin  drawn  coinnide  witb  the  point: 
/,  o,  and  n,  tbc  point  ^>  will  indicate  Xht  position  of  P. 

'riio  position  of  thia  paint  may  now  be  transferred,  liy  pricking, 
to  Lite  map,  tta«  tracing-pup I'r  lemoTed,  and  tbe  table  oriented. 

315.*  Bessel'a  Method  by  Inscribed  auadril&ter&l.  A  quadii- 
IfttKrul  it-  vf>ii«lructi;d  wilii  all  the  angles  in  tbe  circumfereuoe  of 
u  circle,  oue  <1iAgonal  of  wtiich  pAXccx  tlirongh  tbe  middle  one 
of  the  three  fixed  points  and  the  i)oint  sought.  On  this  line 
tlic  alidarle  is  set,  Uie  tcleacupc  dircctcil  to  the  middle  {mint, 
uiid  the  tabic  Ih  in  jmsiti'-n.  lle^i'diou  upuu  tlic  uxtrctnc  ptHuU 
interiieotd  m  this  line  and  determiuea  tbe  position  of  the  p<»at 
Bougbt. 

Let  a,  b,  c,  be  tbe  points  on  Xhe  abeet  representing  tbe  aignaU 
A,  Bt  C,  in  tbe  ground. 

The  table  Ls  eet  up  at  the  point  to  be  determined  (S)  sod 


lcr«lkcl.     Tfao  Alidade  Is  eet  upon  the  line  ca,  and  a  dir«ct«<l, 

l)y  revolving  the  table,  to  ita  cotTeBixtndinif  sipial  vl,  and  the 

table  clamped:  llwu,  with  the  alidailD  ceutriiig  on  c,  the  mid* 

■lie  iugoal  B  19  oighted  witli  tlio 

tclcaoopc,  and  the  Hue  ce  drawn 

along    tlie  edge  of    the    niler. 

The  alidade  is  then  net  upon  the 

line  ae,  and   tlie  tele»co[>«  di* 

rect«l   l<i   the   signal  C.  by  re- 

ToWing  tliu  tablf,  und  tbu  tnbic 

damped.   Then,  witli  the  Alidade 

wnlriag  on  a,  the  U'lebt-ujio  is 

directed  to  the  middle  t)igiia.t  li, 

and  tJie  line  (k  iit  druw-u  nlong 

tbe    edge  of    the    ruler.      The 

point  «  {the  intersection  of  theae 

tiro  lines)    will  lie  in    the  lino 

pirseiog  through  tbe  middle  point  and  the  point  sought.     Set 

<c  alidade  upon  tbe  line  fcir.  diri'i-l  h  to  llic  sigual  ii  by  revutv- 
g  tbe  table,  and  the  table  will  l>e  in  |njaitiou.  Clamp  the 
taUe,  ceotro  the  alidade  tipou  n,  direct  the  telescope  to  tbo 
Mgnol  A,  and  draw  along  the  riilor  tlio  line  ml.  Tliia  wilt  inter- 
sect the  line  btr  at  the  point  ^nugbt.  Reflection  ii[k>d  C,  t-en- 
triog  tbe  alidade  on  c  in  the  some  manner  a»  upon  A,  will  verify 
its  position. 

The  opposite  nngleg  of  the  qiifuirllateral  euUte  being  mipplc- 
mentary,  angle  ace  and  angle  ntle  are  anbteoded  by  tbe  same 
rbord  ae  and  c<ie  uud  ak  are  subteuded  by  the  eatiie  chord 
«f;  consefiuently.  the  interocction  of  tie  uud  1%  at  i^  must  fall 
OQ  tbe  line  db ;  or,  the  segments  of  two  iultrsoctiuji  cJiordt* 
in  a  circle  being  reciprocally  proportional,  the  triaiiglpB  aiifaad 
ttf  are  nimilar.  and  the  trinnglea  cdf  and  atf  are  similar,  and 
d./,  and  e  muab  be  in  a  right  line  passing  tbrou^Ii  h. 


316.   Determination  of  Position  b?  lUsection  00  Two  Known 
Points.     Tbib  is  called  tbe  lun^-poiiit  pmf^em,  there  being  given 
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hy  Uieir  projections  a,  b,  two  points  A  and  B^  to  put  tlie  ]>lao 
table  in  position  at  a  third  iH>int  C-  (Tfae  cnpital  letters  i-cfcr 
tu  {H)iut»  uii  tliegruuud,  luiii  tbe  small  oneti  to  tbeir  correflpoDd- 
ing  proJectloDS.) 

Selettt  a  fourth  point  D,  Burh  that  the  intereectionH  from  O 
find  D  upon  A  uud  li  luuke  auffictfuUy  Imyi-  UDglns  for  good 
clet«rmi  nations.  Put  the  table  approximatelr  ia  po«it)on  at  £), 
liy  oslimatiou  or  hy  couipaaa.  and  draw  the  lines  Aa,  Bb,  inXer- 
spnting  ill  li:  through  rf  draw  »  line  to  C.  Then  set  up  at  C. 
and  aH»uining  the  |H>int  c  on  the  line  dC  at  an  estimated  dls- 
tiuive  from  d,  and  putting  tlii-  tutlu  in  a  position  parallel  to  that 
wUioh  m  oceiipietl  at  J),  by  mpaiw  of  the  line  ed,  draw  tlw  linee 
from  ('  lo  A,  and  from  r  tu  li.  TlieiiL-  will  inteneet  tbe  lines  dA. 
dn.  at  pointA  d'  and  b',  wliicb  form  with  e  :iud  rl  a  qiindnlnteral 
eitnilar  to  llic  true  one,  bnt  eiToneoue  in  sise  aod  poeitioat 


Tbe  angles  which  the  lines  a^  and  u'b'  make  with  each  oilier 
18  the  error  in  position.  By  coiiatriicting  uow  through  c  a  Udc 
cd\  making  the  hsiuc  anglo  with  i-rf  »h  thiU  which  (t!>  makes  will) 
a'h',  and  dirt-oting  this  line  rd*  to  D.  tlie  table  will  t»e  hrougbt 
into  [Hisition.  and  the  true  point  c  can  he  found  by  the  inter- 
aections  of  aA  and  (/li. 

Instead  of  transferring  the  angle  of  error  by  conMmrtioo,  w 
an»y  coovcnldntly  proceod  as  followa.  oitHerring  that  the  angle 
which  the  line  «''.'  makeH  with  ah  m  the  error  in  tbe  position  of 
the  table.  As  tlic  (able  now  ctJiniU,  a'lr'  in  parntlel  with  AB, 
tut  we  want  to  turn  it  so  tliat  ot*  shall  be  (urallel  to  tlie  Bani«- 
Jfi  tberefore,  we  place  tlio  alidade  on  a'b',  nud  sot  up  a  tnarii 
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in  thnt  dircctioa,  then  place  Che  aliUoJv  on  «&,  and  turn  the 
tabu  uatil  it  again  )K>iiit9  to  the  mark,  tbtiu  at/  will  be  t>amlkl 
to  vLB,  nod  the  uiblo  is  in  i)U8itiou. 

317.  Frmctieal  Saggestionsin  niing  the  PUii^Table.'  The 
board  elioiild  i>v  plnn-d  nu  low  aa  tu  hv  readily  rt'ocbed,  evcD 
at  tbe  noftt  remote  corner,  aiid  yet  high  euoiigli  to  eiisiblQ  tbo 
otwarrer  to  take  eight  with  comrort.  This  will  bring  it  a  little 
below  the  elbow. 

Care  mtiitt  be  takt-n  that  no  part  of  the  Imdy  loiM:h  or  rest 
against  the  orlge  of  the  boanl.  In  using  thf  alidude.  tttcad; 
the  standard  with  the  left  hand,  while  the  riglit  Bwiuga  the  rear 
end  of  the  ruler  in  the  iiroper  rlirRPlion, 

TliUDib-Ucks  ami  lollerH  for  huldiii}^  down  the  sheet  are  both 
found  objectionable.  C9|)eriatly  iu  high  wiuds,  The  edges  may 
be  pasted  underneath,  or  npriug  clamiM  may  l>e  imed  to  advan- 
tage. A  wale  grariiint.Ml  upon  the  flducial  edge  of  the  alidade 
la  inooDvenient,  and  in  mnne  positinns  iinprnrtirable  and  waste- 
ful of  time.  A  detached  triangiihir  boxwouil  ur  metal  neale  is 
greatly  to  be  preferred.  LiriiUivllna  or  sliaden,  whilst  a  great 
relici  Ut  titc  eye*,  are  cumbersonic  and  troiiblettoine.  and  by 
blowing  over  on  the  table  may  (;nii8C  d.iinage  or  deraogement. 
Colored  gliuaes  acreening  the  eyes  will  Iw  better,  and  by  u*iug 
tinted  paper,  as  manilla.  innlesd  uf  white,  still  more  relief  la 
given,  and  tlie  sheet  can  be  kept  cleaner. 

Ucfora  leaving  the  station,  and  at  any  iutcrvala  not  otherwise 
employed,  the  ' '  ubeck  "  shots  aboutd  be  tested  to  determine  any 
dia{iluc«iuent  of  the  board. 

Use  as  hard  a  pencil,  and  make  a.t  few  lines,  tut  poaiiible. 
lo  locating  ]K>ints  of  contours.  {jLut  the  distance  at  once  along 
Hui  edge  of  ruler  by  detached  sc^nle,  making  only  a  dot  at  the 
point  which  sbonld  reeeive  the  number  of  tlie  contour. 

Objecta  on  a  straight  linu  may  Ixj  (juiekly  loeuted  by  plotting 
Um>  ends  and  deternnnlng  the  intermediate  points  by  intersecting 
■bots. 


274  FLAJITE  SUBVBTING. 

EXERCISES  WITH  THE  PLANE-TABLE. 

1.  Make  a  plane-table  surrey  of  a  field,  using  one  side  as  a. 
base  line. 

2.  Make  a  survey  embracing  200  or  300  rods  of  a  road  or 
stream,  locating  prominent  objects  on  either  side. 

S.   Locate  several  points  on  t^e  table  b;  intenectiontt  luxl 
check  the  work  by  resection  from  these  points. 

4.    Locate  a  non-plotted  point  by  resection  on  three  knowD 
points — first  method ;  check  by  Bwsel's  method. 


CHAPTEK  VI. 


THE  80BVET  OP  TEE  PUBLIO  LAlfDB  OP  THE  UNITED 

BTATZa 


THS  SOI.AR  COUPASa. 

318.  A  descriptiOQ  of  the  Solar  Coropase,  the  iDetrumeQt 
that  U  «xtrnaively  iwwl  in  the  survey  of  the  piihlic  ImuU,  \t» 
sdjiiRtmom  nnil  ase,  will  he  (jivpn  before  describing  ttie  method 
em|ik)y<!d  by  the  guvrnimcnt  in  (Iil-hc  surreys. 

This  iu»truiiient,  ho  iugenioiisly  contrived  for  it-adily  d«ter- 

miuiug  a  true  meridiati  ur  iiortli  and  south  lino,  was  inrented 

by  William  A.  Kiii-t,  of  Miohi^iiii.  nnd  pBt«nt<^d  by  him  in  1M,16. 

^b    It  bas  siDCe  come  into  general  use  in  the  mirveys  of  United 

^otate*  pahlic  lands.  \iu-  iirinclpal  linL-s  of  which  are  required  Co 

bf  run  with  rffiTeuce  to  tlit-  trne  rocndian. 

»Tt>«  arraugcment  of  its  sockets  and  plates  ia  sioiilar  to  that 
pf  the  Surveyor's  Transit,  a»  shown  in  Chnptor  II.  Section  I., 
txoept  ttiat  the  sigbt-vanes  are  attached  to  the  under  ])latn  or 
limit,  and  tliii  revolves  nrouud  the  appcr  or  vernier  |>lHtc  od 
which  the  solar  apparatus  is  placed. 

TIm  Umb  ia  divided  to  half-degrees,  is  figured  in  two  rows, 
an  iieaal,  and  reads  by  the  two  opposito  verniers  to  vinglo 
™  minutoi. 
f  Thk  Solar  Awakatto. 


a 


310.  Tbc  Solar  ApparuLus  is  occu  in  the  place  of  the  necdlOi 
id  io  fact  operat^H  as  its  subetitutu  in  the  field. 
It  cousists  mniiily  of  three  arcs  of  circles,  by  whifb  can  be 
Off  tbe  latitude  of  a  plai'e,  the  dccliuatiuD  of  Ihv  sun,  and 
die  hour  of  tiw  day. 
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These  arcs,  dcsiguated  in  tbe  out  by  the  letters  a,  b,  aiid 
c,  are  tber^foiii  terined  Ui«  latitude,  Uie  declinatioQ,  and  tba 
hour  area  respeolively. 

320.  The  latitade  Arc  a  baa  iU  centre  of  motion  in  tiro 
pivuLs,  ou«  of  tvliicb  is  avi-ti  at  d  ;  tbe  otlier  is  conoealed  in  tbe 
cut. 

It  is  moved  cither  up  oi*  down  within  &  hoUow  arc,  seen  In 
the  cut,  liv  a  tnugeot-scrcw  tit  /,  sad  is  secure)}*  fastcnml  in 
any  positiuii  Ijy  a  clainii-screwr. 

Tbo  livlitiide  arc  is  grndimtod  to  quarter-degreea,  aud  reads 
by  its  vernier  c  to  eingle  minutc« ;  it  bae  »  range  of  about 
85  d«}n-«e8,  80  nn  to  be  adjuatalilo  to  tbe  latitude  of  aay  place 
in  the  U[iU«d  Stat«s. 

321.  trhe  Declination  Are  b  a  also  ^aduated  to  quarter- 
dq^ceti,  and  hsH  a  range  of  about  '2»  degrees. 

Its  vernier  v,  reading  lo  Bingl«  minutes,  is  flxed  to  a  movable 
arm  h,  having  its  coutra  of  motion  at  the  eud  of  the  declination 
arc  at  g  ;  the  arni  is  moved  over  the  surface  of  the  declination 
arc,  and  its  vernier  sot  to  any  rcadiuj;  by  turuiug  tbe  bead  of 
thft  tangcnt-ttorcw  k.  It  U  also  securely  clamped  in  any  posi* 
tiou  by  a  Btrew,  iiuue^alud  in  tb«  engraving. 

322.  Solar  Lenses  and  Lines.  At  each  end  of  tlic  arm  k  ia 
a  rcctuu^ubr  Muck  of  briin-?,  iu  wbich  is  ect  »  email  oonrex 
lens,  having  itH  focits  on  ilie  aurface  of  n  litUe  stiver  plate  A 
(mai^innl  figure),  fastened  by  sci'vws  to  tlic  inside  of  tbeoppo* 
site  block. 

On  the  surface  of  th«  plate  arc  marked  two  tscta  of  lines 
iutci-$ectiDg  each  oth«r  at  right  angles ;  of 
these  fib  are  termed  the  hour  liuea,  and  cc  the 
vqtiaLuriitl  lines,  oh  Iiitving  ref»renco  respoe- 
lively  to  the  hour  of  the  day  and  the  imsition  of 
tbe  sun  in  relation  to  the  eqnator.     Tn  the  cut  the  equatorial 


I 
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Udm  arc  those  on  the  lower  block,  panUk-l  to  tfac  surface  of  Cbs 


hour  arc  «;  the  hour  lines  are  of  course  those  at  right  uigle» 
tu  tb«  Einit. 

323.  Equatorial  Sighta.  On  tlie  top  of  encb  of  the  reo- 
Uti»ular  blocks  is  «vvu  a.  little  sigbtirtg-pl&ce,  termed  the  ec]ua- 
torinl  sight,  fnsU'iiod  to  (lie  lilocic  by  a  Branll,  milled  h«it(l-eor«w, 
«o  na  to  b«  d^tuclii^d  st  pleiuiure. 

They  are  u»c«I,  as  will  be  esplaincd  hereafter,  in  adjusting 
tbr  (lifTcn-ut  itsrte  of  the  solnr  upparatus. 

W  324.  Tbe  Hoot  An  c  is  suiiport^d  by  the  two  pfvots  of  the 
latltutte  arc  alrpticij  spoken  of,  and  in  also  connpoted  with  that 
arc  by  a  curved  arm.  as  ahuwu  in  the  figure. 

The  liour  are  litis  it  Taagv  of  nbout  120",  is  diritled  to  liulf* 
degrees,  aod  figured  in  two  series,  designatiug  both  tlie  Iioul-s 
ami  the  degrees,  thu  midtllo  division  being  marked  ]2  nud  W 
on  either  Hide  of  the  graduated  linen. 

P  325.  The  Polar  Axis.  Tliroitgb  tlie  centre  of  the  hour  arc 
fMMtB  a  holloTT  socket  p  eontaiiiiug  tJie  HpiiidlH  of  the  decUnn- 
tton  arc,  by  menii8  of  nliit-b  tliis  arc  cuii  be  moved  from  sidu  l« 
side  orer  the  surface  of  the  hour  arc.  or  turucd  completely  round* 
u  niny  be  required. 

The  hour  are  is  reatl  by  the  lower  etige  of  the  graduated  aide 
of  the  decHii»lioi)  :irc-. 

The  nxifl  of  the  deelinatinn  arc.  or  indeed  the  whole  nocket 
p,  ia  appropriutcly  termed  the  [X)lar  asin. 

326.  Tti6  AdjiUt«r.  Heaides  tlie  part«  shown  in  the  cut, 
tliert-  is  alM>  nn  .^rrn  used  in  the  ndjiutirient  of  the  instninient 
SK  deseritieil  hi^renftiT,  but  laid  aside  in  the  box  when  that  Is 
elfected- 

Tbe  pai-la  Just  detjcrtbed  coiistitnte  properly  the  aoUr 
sp|wratiw. 

Itealdee  tbe«o,  however,  aro  seen  the  neodle-lwx  n  with  ita 
ue  and  tangent  iierew  t.  and  the  spirit  levels,  for  bringing  the 
whole  instrument  tu  a  borizonlal  poititiuu. 
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327.  The  Needle-Boz  n  tmn  nn  ntx-  of  about  86  decrees  in 
exti:til,  diviiled  to  Imlf-degreea,  and  ligured  from  tlie  ceutrc  or 
zero  mai'k  on  eith<>r  eidc. 

The  iioe(llt>.  which  if*  made  an  in  other  instriiaionu,  except 
that  the  nmiB  sre  of  unctjual  k-ugths.  U  raist-d  or  lowered  by  a 
lever  nliowu  in  the  cut. 

The  iteudlo-box  is  attached  by  a  projecting  arm  to  a  tangeot- 
scrcw  t,  hy  which  it  U  moved  about  its  centre,  and  its  needle 
set  to  any  variation. 

Thia  vuriuUuu  is  uleo  rend  off  hy  the  reroieron  the  vad  of 
the  projecting  ar]u,  reading  to  three  minutes  a  gradnated  arc. 
attached  to  the  plate  of  the  compaas. 


I 


328.  The  Lerols  seen  with  the  »ulnr  appnrntiiH  have  ground- 
glit^t^  viid»,  aud  are  mljiistal'le  at  their  etidit  like  tlioae  of  otim' 
iDHtrumenta. 

The  ^dge  of  the  circidnr  plnte  on  which  the  Bolnr  work  U 
placed  is  divided  iind  flgiutid  at  intt^rvaU  of  10  degn?e«,  and 
itum]KTi»d.  aH  showu,  from  U  to  90  00  each  side  of  the  line  of 
sight. 

Tbeer  gradiintiotia  aro  used  in  coancction  with  a  little  brass 
pin,  nectn  in  the  centre  of  Uie  plate,  to  olitain  npproximat* 
beariiJge  of  lines,  which  are  not  iinportaut  cuougb  tu  require  a 
done  ohscrviition. 

329.  Line»  of  Befractiou.  The  iaaide  fncen  of  the  flights  are 
nl»o  graduated  uiid  figured,  to  indicate  the  amount  of  refrartion 
to  be  allowed  when  Ibe  sua  ia  uear  the  horisoo. 

PRlXaPLFJ  OF  HIE   SOLAK  CoMTAM. 

330.  The  interv-nl  between  two  cqiiatoriaf  lin«ii  oo,  id  %are 
ou  page  276,  an  well  an  lji'lwi?eu  the  hour  Uuc8  M,  in  juat  sulB- 
cient  to  inclnde  the  ciicnlnr  image  of  tlw  sua,  aa  formed  bj  (be 
solar  lens  on  the  opposite  end  of  the  revolnog  arm. A,  Hgure 
on  page  277. 
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When,  thrrrforn,  tlie  instrument  i^  mnde  perfectly  horizontal, 
the  equatorial  linra  uud  the  oppoilu:  Icohch  btnUR  Acvurfttcly 
luated  to  each  otlit-r  l>_v  n  previous  operHtimj,  and  tlip  aim's 
btoufcbt  within  thv  equatorial  liaeo,  hi^  positiou  in  th« 
heavens,  with  reference!  to  tlie  liorizon,  will  be  <)ctlned  with 
liaiOD. 

Suppose  the  observation  to  be  mnde  nt  the  time  of  one  of 
the  eqiiinoxcH ;  the  arm  ft,  eet  at  zero  on  the  ik-dinatioii  arc 
b;  and  the  polar  axis  p.  f>la<-cd  exactly  pariLUel  to  the  axis  of 
the  earlh. 

Tlion  the  motion  of  the  ami  A,  if  revolved  on  the  apindle  of 
the  derlinatioD  arc  arouml  tin;  hour  ciii-lc  r,  will  exactly  rarrc- 
•pond  with  the  motion  of  the  sun  iti  the  heavens,  uu  the  given 
day  and  at  thv  pliice  of  ub«erviitioii :  so  that  if  the  stin'it  ironge 
«^  bi-oiight  Iwtween  the  Hne«  cc  in  the  tnoriiiog.  It  would 
coQtinue  in  the  sami.-  position,  pamiofc  neither  aborc  nor  below 
ibe  lines,  u  tiie  arm  watt  made  tu  revolve  in  imitation  of  the 
notton  of  the  sun  about  the  earth. 

In  th«  morning,  as  the  sun  rt^es  from  the  liorisun,  th4>  arm  h 

ill  he  in  n  position  nearly  at  right  Aiiglei  to  that  Khown  in  the 
cut.  the  len»  being  turned  towiirds  the  sun.  ami  the  silver  ptale 
on  which  his  Image  is  tlinjwu  ilin-'ctly  opposite. 

As  the  siiQ  asoctida,  the  arm  must  be  moved  around,  until 
when  he  hna  reacherl  the  ninriilinn,  the  grndnat'ed  Hide  of  the 
declination  arc  will  intlicutt^  12  on  the  hour  cirrlp.  and  the  arm 
ft.  the  declination  are  ''.  and  the  Latitude  arc  tt  will  bt;  in  the 
ume  plajie. 

As  Uic  ann  derlinptt  from  the  m^ridinn.  the  arm  li  inn>tt  be 
noTed  in  the  same  direction,  until  »t  ttuiiKet  itji;  (xisition  will  be 
the  exact  reverse  of  that  it  occupied  iii  the  morning. 


I 


331-  Allowanoe  for  Declination.  I^t  uh  now  emppoac  the 
Obaervatiun  made  when  the  sun  hait  passed  tbe  eriiiinoetial  point, 
aiHl  when  hi*  position  Is  affected  by  depliii«tio«. 

Ity  referring  Ut  the  almanac,  and  setting  off  on  the  arc  hia 
declinatkm  for  the  given  day  and  hour,  we  are  still  able  to 
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■detarmine  his  [joHitiou  wilh  tbu  sam«  ccrt&intv  u  if  he  remaiaeil 
ou  till!  Miuntor. 

When  the  buu'b  derliiiatiou  is  south,  thut  in,  from  thv  i2A 
of  September  to  Ibe  'iJiJtli  of  Majcli  in  cacli  year,  th«  arc  6  is 
tnrned  towaixii  ttie  |)latca  of  Lhe  [<om|>UKD,  sut  shown  in  the  «u- 
gmviug,  uud  Um  uoliir  Iciis  o,  with  tbe  stiver  plate  opposite, 
are  mtule  n»e  of  in  the  Hiirveys. 

Tlic  rcmaioJcT  uf  the  yt-ar  tJic  are  is  turned  from  the  plalee* 
ajid  the  other  lens  and  plate  employed. 

When  the  solar  compoes  is  nccunitcly  sdjiitttod.  and  iu  plates 
m&Af.  (H'rfectly  liorizontal,  the  latitude  or  lliu  p1m%,  anJ  the 
dcctiujition  uf  the  sim  fur  Ibc  givi-a  day  and  hour,  beiug  also 
Bet  off  on  the  respective  ftroa,  ttie  imaga  of  tie  auH  cannot  be 
ifrought  l/ehveeit  the  eqttatorial  Unei  until  thf  polar  axia  U  /rfocMJ 
ill  the  pUiitff  fif  the  meridian  oj  thi"  place,  or  in  a  jioxition  paraUti 
to  tlie  ctxis  of  ttie  earth..  The  slighteift  deviation  from  this  poai- 
tiou  will  cniiBb  the  image  to  pass  above  or  below  tbe  lines,  aud 
thnB  dific^over  the  error. 

We  thus,  from  tho  position  of  the  sun  in  the  solar  sjstetn, 
obttLJii  n  ccrttiiu  direotioii  nhHolutely  iint'liiiiigeable,  from  which 
to  run  oiir  lines  and  roeasure  llTe  liorizontal  Hugles  required. 

This  ttiiiiple  priuci]ilv  is  not  onlj*  the  habis  of  tbe  ooiistructJOB 
of  the  tK>lar  compiitiB,  hut  the  »ote  cauae  of  itd  sU|)eriuritT  to  the ' 
ordinary  oi'  rangnctic  tnstruniont.  For  in  a  needle  instrument 
tho  lu-eiiniey  of  the  horixonUil  migieM  indicated,  sod  tliorcfore 
of  uJl  Ibe  olMen'atious  iuiuIl-,  de))cuds  niKiu  "the  delicacy  of 
the  needle,  and  the  ronHtancy  witli  which  it  anBiiines  a  certain 
dtroctinn,  termed  the  maffnetic  meridian." 

The  prmmpal  oauHCs  of  error  In  the  needle,  hrieHy  Btated,  are 
the  dullint;  of  tbe  pivot,  the  loss  uf  ixilarlty  in  the  uuuclh*.  tba 
inriuence  of  local  attrm-t.inn,  ami  the  effect  of  the  snn's  rays, 
protluc(D);  the  JLiiriinl  vnriatbn. 

From  all  these  imperfe(;tiona  the  solar  instniment  is  free. 

The  »ij2litH  aud  the  ^a^luated  liiub  being  adjusted  to  tlie  solar 
s|i|inratiis,  and  the  latitude  of  the  plnee  and  the  dedinatiou  of  tba 
alia  alao  set  off  upon  the  reepeutire  area*  we  are  able  aot  only 
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to  run  the  tnie  meridinn,  or  a  due  east  and  wMt  couree,  but 
also  to  set  otT  tlin  horizonlAl  anoiles  witb  lumiiUnvsa  imd  ac- 
cumcy  from  a  direction  which  never  clianges,  nnd  Is  uuaffectvd 
by  oUracliou  o(  »ay  kiod. 


To  Adjcvt  the  Solar  Cokpass. 

The  adjiiacmenta  or  tliiH  {nfllnimeiit,  iritli  whicli  the  siirvoyor 
will  have  Co  do,  are  »iiDple  ood  f«w  in  uuuibtir,  aud  will  nuw 
bu  givcD  in  order. 

332.  To  Adjust  the  Lereli.  Pro(<(>i>d  iiKoiwly  rk  directed  in 
llie  nucouut  uf  llie  otlit^r  iiiHtmitieiiU  wu  huvt>  de^crilwd.  hy 
bringing  the  hnhhlps  inln  the  reiitn^  of  tlie  luln-s  liy  the  level- 
liug-HCTCir«  of  Ibt  triiMid,  und  then  rrversing  tlie  inatnitiiont 
ii|)on  its  Bjnndlc,  ntid  raisinf^  or  lowcriuf;  the  euds  of  thi'  tulx-B, 
uutil  the  bubbles  will  remain  ■□  the  centre  during  a  eomplotc 
r«volation  of  the  iuslniuieut. 

333-  To  Adjust  the  Equatorial  Lines  and  Solar  Leiues. 
Finl  dflftch  the  nrm  h  fir-rn  tlto  dceliiDitioii  mv  dy  witli'lntwiiig 
the  Bcrewa  Hhowa  in  the  cut  fmm  the  endu  oC  llu'  j»wts  of  iho 
lAiigtrut-ftcrvw  k,  &Dd  ulou  the  elitiup-sereiv,  uiid  the  rnmVnl 
pivot  witli  itA  small  Ncrcw»  hy  which  the  nnn  Hud  dvcltUKtioa 
arc  arc  couucetod. 

The  arm  h  being  thiiR  removed,  nttneh  the  (uljiii>t«r  in  it« 
pU«e  by  r6i>laeiug  the  couii-al  iJivol  and  screws,  ami  insert  tlie 
ctamiKttcrew  so  as  to  clamp  the  adjnsler  at  any  ^xittit  ou  the 
ilediuation  an-. 

Now  level  thv  iiii*triiui«nt,  place  the  arm  ft  on  the  adjuMort 
irith  the  »ame  side  KBting  agaiaut  the  surface  of  the  declination 
ire  »»  before  it  wiui  lU'liiehcd.  Tuiii  the  instrumGHt  ou  il« 
spiDille  so  HH  to  brinj;  the  Hnlnr  tens  to  W  adJuHtfil  in  the  direr* 
tioD  of  tllv  HUn.  uud  rnisc  <jr  lower  the  adjuetvr  ou  the  deelinii- 
tion  arc.  until  it  can  be  damped  in  such  a  )K)sition  as  to  bnu); 
the  eua'ft  image  AM  near  iw  iiifiy  be  bvtweieii  the  equntoriiLl  linott 
00  tbe  opposite  nilver  plate,  and  bring  the  image  precisely  iota 
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position  b;  the  tAngent  tif  tb»  latitude  arc  or  the  lev«?lliDg> 
HcrewH  of  tlie  ti'i|Kw!,  Then  carefully  turn  the  ana  hslf-waj 
aver,  uutil  it  n.-aLs  iipun  tlii;  atljUHU'r  bv  tiiK  uppuHlU'  f uccti  of 
tlic  rectatigitlor  blocks,  a»d  again  ob»en'e  the  pi^aitioii  of  tte 
sun's  iiniigo. 

If  it  rviuninB  between  the  linos  as  before,  tJw  lenii  and  plate 
are  in  luljUHttnvnt ;  if  uot,  Ioosl'd  tbo  three  Hcieva  which  con- 
fine the  pliiti.'  to  the  lilock,  and  uiOTC  Uiu  plate  tintlcr  their 
hfada.  until  one-half  the  error  iu  the  iwsitiou  of  the  sun's  imago 
in  reiuovod. 

AgnJn  bring  the  iiimge  between  the  lines,  and  reiwiU  the 
opciatiuu  until  it  will  ivmiiiti  in  the  tuiiue  ttituatjuu,  in  both 
pOBitiuiiH  of  the  arm,  wlinn  tlie  luljiiHtinent  will  be  completed. 

To  iulJiiJil  tlio  otlur  k-[i«  niid  pliil*,  reverse  the  arm  «ad  for 
cikIi  (111  the  iicljiist(>r,  uiit]  proceed  pretriiiely  as  in  tlie  forui4'i'  case, 
until  the  saiu*.'  ivsuU  is  allaiued. 

Ill  lightening  the  ticn*wft  over  the  flilrer  plate,  care  inusl  be 
taken  not  to  move  the  plate. 

This  adjustment  notr  l>fiuj;  eomplcti^',  the  ndjuetcr  should  be 
removed,  and  the  arm  h  with  it«  attachmeuta  replaced  a* 
before. 


I 


334.  To  Adjoit  the  Ternier  of  the  Seelination  Are.    HaY- 

ing  levelled  the  iDstruinent.  a»d  turned  its  leas  in  th«  direction 
of  the  huhi,  clump  lu  the  spindle,  uud  set  the  vernier  i<  of  the 
deelinHtiou  arc  at  xero,  }>y  uieana  of  the  Laugtiut'^crew  at  it, 
and  clamp  to  the  arc. 

Soe  th.^t  the  spindle  nmvea  casilT  and  ^et  tniH  (a  the  sooket, 
or  polar  axis,  and  riiiiie  or  lower  tlie  latitude  arc  by  turning;  the 
taug L'ut-scn-w /.  until  the  Miin's  image  is  brought  between  the 
eqiuvtorial  liriet<  on  one  of  the  plates.  Clamp  the  latitude  arc 
bj  the  screw,  and  bring  the  image  precisely  into  i>osilion  hy 
the  levelling -screwa  of  the  triiKxI  or  fioelcet,  and  without  dis- 
turbing tli^  infftniment,  »u'efully  revolve  the  arm  h,  until  the 
opposite  lens  and  plate  are  hronght  in  tJie  direetion  of  the  aun, 
and  uote  if  the  sun'a  image  cornea  between  the  lines  as  before. 
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tf  it  does,  there  is  do  index  error  uf  the  declioiitioD  aire;  tf 
not,  with  the  taui^eut-st'iow  A-,  niDve  tti«  Ann  until  The  siin'it 
iuinge  {tasaes  over  half  thft  en'«)r  i  ag»iii  hrinii  the  imaj^c  be- 
tween the  linea.  and  repeat  tbo  operstiou  as  before,  until  the 
image  will  ocoupy  the  Rsmo  position  on  both  the  platea. 

We  ahall  now  lint),  iion-ever,  that  tlie  zero  iniirkm  ou  the  arc 
and  tbe  rttmler  do  tiol  i-oiT«»i>ond,  and  to  remedy  thin  error, 
the  little  dat-bead  wrewa  al)ore  tlie  vernier  must  l>e  loosened 
until  it  cu)  K-  inOYud  m*  u^  to  muku  tb«  zeros  coiticidc.  nb«u 
the  operation  will  be  completed. 

335.  To  Adjut  the  Solar  Appsratiu  to  the  Compati  Sight*. 
First  level  the  inslmmeni,  and  with  ihf  claiiiji  mid  l!ii]i.'fiil  rtt-rcws 
set  the  niaiu  plntv  at  90"  by  the  veniier»  aiid  liori/.milul  limb. 
Then  remove  the  rtamp-nrreiT ,  and  raise  the  Intttiidn  arr  until 
the  [winr  axis  i»  bj  ciftiiiiatiun  vi-rj'  (leurly  hurlzuutnl,  and  IT 
Di'ci'Mian',  tigtitfii  the  screws  on  the  pivota  of  the  arc,  bo  as  to 
retain  it  iu  tliia  }H»)tlimi. 

Fix  the  vernier  of  the  di?oliiintion  are  at  xero,  and  direct  the 
equatorial  slghta  to  some  distant  and  well-marlced  object^  and 
oheerre  the  same  Lhrou(;h  the  compiLsK  nij^ht«.  If  the  munc 
object  m  seeii  througli  Wtli.  and  the  vernii^nt  read  to  9*)"  on  the 
lirab,  the  adjiistmeut  is  L*Dmplet« :  if  nut,  the  corrvctiou  iiHi>it 
be  made  bj-  moving  the  sights  or  changing  the  positioQ  of  the 

eraiers. 
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336.  Before  this  instrument  can  be  used  at  any  given  jilaee, 
tt  U  oece^tiaiy  to  aet  off  npon  Ita  arcH  Wth  the  deolltiation  of  the 
Bun  aa  affected  by  itA  refrartion  for  tlie  given  day  and  hour,  and 
the  lotitudv  of  thv  place  where  the  obeervatioi]  is  made. 

337.  To  Set  off  the  Declination.  The  de^'ltnntion  of  the  snn, 
^vcn  in  the  cphniiiicris  of  tliu  Naiiti^Tal  Almiumc  from  year  to 
yvar,  U  cuK-uhited  fur  appiux-ut  noon  ut  Greeuwivh,  l>uglandi 
or  U'ashlngtfm,  D.C. 

To  delvrmine  It  for  any  other  hour  at  a  place  in  the  Unltacl 
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Slates.  referetiTO  must  Iw  had,  iiot  ouly  to  the  differenoe  of  time 
arising  Tmin  tlic  longitude,  but  also  to  tlie  cluMige  of  deuliuxtiua 
from  day  lo  day. 

liy  Ihc  nee  of  standard  time,  wbicU  is  now  quite  general 
thmviplioiit  tVn!  Uiiitod  Stiit^s,  it  ie  very  easy  to  obtain  the 
declination  required  at  any  (tliiuc. 

For  tboite  uHtiig  75tti  D]8ri<Uaii  tim«,  a  dilTerence  of  Ave  boam 
must  be  allowed  foi-  tho  diffcreuce  in  dctJination  lictwren  the 
place  of  observation  and  Greetiwioli. 

The  time-piece  referred  to  the  7fitli  meridian  as  Ktandard  in- 
dicati[]|i  7  A.M.  when  it  i»  n<»on  at  Groenwicti. 

Wtiertr  the  90t])  uii-ridian  is  u»cil  as  standai'd,  aix  hours  must 
Iw  allowed,  etc. 

To  obtftin  the  declination  for  the  other  hours  of  the  day,  tat* 
frnm  the  almaiinr  tbe  ilor-linELtinu  for  npjiftrcnt  noon  of  the  gi^en 
day.  and.  an  the  declination  is  iwn>a«iiig  or  decrenaing.  add  to 
or  i^iibtrac't  from  the  ilirdiiiatiuii  of  tJiv  tlret  hour  tJic  di^vrcncc 
for  one  hour  as  nfiven  in  tlie  eiihemerie,  wliich  will  give,  vrLen 
affected  by  the  refraction,  the  declination  for  tbe  succeeding 
hour  ;  and  i)ro«eed  tliiis  in  mnldng  a  table  of  the  declination  for 
every  hour  of  tlie  Jay. 

338.  Befradaon.  By  rcaaon  of  the  increasing  density  of  the 
ntmo.^phcrc  from  itii  upper  r^iona  to  the  corth'a  surface,  tbe 
rays  uf  light  fruiu  the  klu  are  bent  out  uf  their  oour><e,  ho  na  to 
make  his  altitude  np|)i.>ai-  greater  ibati  \x  actually  the  oaae. 

The  amount  of  refraction  varies  according  to  the  altitude  of 
the  l)Ody  obtiervod  ;  beiog  0  when  it  is  iu  tbe  zeultht  about  oo« 
minute  whvii  mldtray  froiii  the  horizon  to  tbe  zenith,  and  almost 
84'  wbeu  in  the  horizon. 


339.  Effect  of  IncidentaJ  Refraotioii.  ft  will  be  seen  by 
refcrrirj;  to  tho  instrument,  that  the  effect  of  the  ordinary 
mri-antio!!  n]K)n  the  position  of  the  sun'^t  image  witli  reference 
to  the  cquatoriid  lineH,  -n-hich,  in  fact,  are  the  only  oneti  to  be 
regarded  in  nuiuiiig  Uueit  with  the  oolar  compass,  Is  continually 
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dianging,  not  onljr  iritli  tb«  change  of  Intitiido.  liut  uli^o  vritb 
Uiat  of  tl)C  suu'it  ilfcliiuitiuii  froiiL  hour  to  lioiir.  niid  the  iiiotion 
of  tlic  revolving  arm  ub  it  (ull«ws  ilif  sua  in  its  Jaily  rcvoUiUoii. 

li  tbe  equalorittl  iiuoii  vrerv  nlwiiyt)  in  tbc  oume  vvi-Ucal  |)luuv 
■nth  the  sun.  as  wuiikl  t*e  tlie  caae  at  ttio  wjuator  at  the  dine  of 
tlio  eqiiiiioseH.  it  ix  oviik'iil  timt  ivfractiuu  would  Imvi-  uu  i>ire(rt 
ii|>on  the  ]>oHitinii  of  tlie  image  1wtwi;eu  tliei^e  liiiei<.  ami  tber^ 
fore  woaUl  not  Iw  of  any  iniporlanee  to  the  surveyor. 

But  as  w«  |>i>o<-«<.-(i  furtbvr  north,  uud  ua  thv  biin'H  dccliiifttioo 
to  tbe  iHMitli  iDi^roitML's,  tlm  refraction  also  incroasee,  aud  tuuiit 
DOW  be  taken  into  noooimt. 

Agkin.  tlie  unglc  wUh'K  tbe  etiiiatorial  linea  make  with  the 
burizou  \a  continually  clmupnff  tut  llie  iirin  in  niadv  W  follow 
tJie  oiolion  of  the  sun  ilin'iii^  tlie  ooitrse  of  a  day. 

Thus,  !d  the  niornicig  and  evening  tliC'y  lU'e  more  or  I«88 
iDcliDed  to  the  borizon,  while  at  noon  tlie.v  are  exactly  {larallel 
to  it, 

Aud  thoe  it  follows  that  the  exce»s  of  refractiou  at  moi-uiiig 

id  cvoiiitif;  IB  in  ^lome  mi>fleur«  balanc'ccl  hy  tito  fact  Thnt  the 
ition  of  the  sun's  iiiiajif  with  i'eft'rcii(*  to  the  equatoriiil  liims 
U  then  leHH  nfTtL-ted  by  it,  on  account  of  the  greater  inclination 
of  UtK  linea  to  the  borixuu. 


340.  AUowajioe  for  Refraction.  The  proper  allowance  to  be 
made  for  i-vfrui:tiuu  in  si-Ltiug  off  the  dei-liiiatimi  of  the  auo 
upon  the  aolar  coiii)>uits  fur  any  hour  of  any  day  of  tbe  year  is 
given  iu  tlie  following  t&ble : 
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^H                        A  TABLE  OP  M£AN  RKFBAC'no»&  IN  DBCLINATION.         H 

^^B                        Ta  Apply  on  Ibe  (leclinition  arc  of  Solar  AtT&«hnieii(  of  citlior  Cumpu* 

^H                   or  TrHiultH  • 

Bt 

DEC1JNATJ0B8. 

t'on  LjkTtTUDl  30°. 

-»acp 

*1B' 

*10= 

r 

,. 

—BO 

-10^ 

—16=    -IC 

Ob. 

10" 

16" 

at" 

3(7" 

S3" 

40" 

48" 

67'' ■   IW 

8 

14 

19 

S6 

»1 

38 

4C 

U 

1'Dfi 

118 

8 

90 

2Q 

S2 

80 

47 

66 

Toa 

1  10 

I3S 

i 

tt 

30 

4a 

6i 

I'Ofl 

1'1» 

13S 

L&7 

229 

& 

I'TO 

no 

1'24 

I'fiS 

«07 

S44 

349 

&4S 

18M 

yo%  r^Tmrcs  ta'W. 

Oh. 

IS" 

18" 

24" 
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Explanation  op  tdb  Tablb  op  SePDAOnoNS.* 


Tbc  tabic  is  calculate*!  for  latitudes  between  80'  anti  .W  st 
iDtvrviilfi  of  21",  tbnt  being  us  near  aa  iit  rtqutrvtl. 

The  decliaation  ranircs  from  0  to  30°,  both  north  and  aoutbi 
tb«  +  decimiitiuDs  beiug  north,  unii  —  smitb,  anil  is  givcu  for 
everv  .'>  degrees,  tlml  being  siilUdenlly  uear  for  all  pracUual  par- 
posc«. 

Tbc  hour  nnglc  in  the  llrsl  coliinin  indicatcB  Uie  difitniict*  of 
the  sun  from  the  mcridiftii  in  hoars,  the  refrnction  givca  for  0 
hoiU'M  tiKiug  tbnt  wbicb  atH^cUi  the  observed  dediDatiou  of  the 
»iin  when  on  tlie  meridian,  coiumoulv  l<nowD  an  meridional  re- 
fraction :  tlir  refraction  for  tlif  Iioui'h  jiiAt  before  and  after  noon 
is  no  nearly  that  of  the  meridian,  that  it  may  be  called  and 
allowed  as  the  snmc. 

Wlieii  the  Ijible  is  UBGd,  it  muHt  be  borne  in  mind  that  when 
tlie  ili'clin:itioii  in  north  or  +  in  the  table,  the  n?fnieliaD  is  to 
l)c  added ;  when  tlic  declination  is  sotith  or  —  the  refraction 
miist  be  snbtracled. 

It  will  be  noticed  that  the  refractiou  in  sont-h  or  —  decUni- 
tiou  iiRTeasPB  vory  rapidlv  ae  the  sun  neors  tlie  liorizou,  show- 
ing tliat  observations  sbouhl  not  btt  taken  wUb  tbe  aun  when 
sontii  of  the  equator,  less  than  one  bnur  frnni  the  horizon. 

Thiid,  suiipuHe  it  be  required  to  obtain  tliL-  drelinntion  for  any 
bour  in  the  day,  April  16,  18tf7,  at  Pittsburg,  I'a.,  where  73tb 
meridiiin  time  in  ut((?d. 

Tlie  difToretic^  in  time  U  ft  hours,  so  that  tlie  dccllDaUon 
given  in  the  cphcroeris  for  appnrent  noon  of  that  day  at  Green- 
wich would  be  that  of  7  a.m.  iit  I'illHlinrg.     Prooeotl  as  follows: 

I>ei'liiiati<in  tit  (ireeiiwicb,  mean  noon,  April  16,  1887, 
>.  10'  G'  2»" 

Add  1'  5r'=refnict'n  for  5  hm.  [laL  Pittabui^  40' 28*]. 

Or,  N.  10*"  8'  20"  =dec.  7  a.m.  at  Pittabui^g, 
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To  grt  the  (]vrl)a»tiaii  for  8  o'clock,  a&me  day  and  plan>,  add 

&'V.   lliL-  diCFiTenif  for  um'   liuiir       liunitirtv  tiiv  (ti^dlinutioii  ih 

*ncreasiag  —  to  the  dedinatioa  taken  (rotn  the  ulniftDnc,  nnil 

tUa  foc-reoflcd  by  tlie  refrnKlion  porreBpoDtiiiig  to  4  hours  tnm 

aoon  will  give  10*  8*  iH"  for  the  refjuii-pd  decliaation. 

Again.  BU|>poBc  it  be  dcaifed  to  obtain  tlic  corrected  dec- 
liiutioD  for  8  A.u.  Uct.  15,  1KH7,  name  ii'Ia<.-c. 

Tbe  declination  being  now  soutli,  thu  rvfraction  is  to  be  sub- 
liBcted,  hut  Uk  liuiirljr  difToraiice  \»  to  he  ndilod  becint»e  tbo 
declinatioD  is  increuiug,  ti«  id  the  Srat  example ;  tliun  : 

DecliaatiOD  at  l^lrvt-iiwich,  meao  oood,  Out.  15,  ItlttT, 
S.  S*  3tt'  i(\" 
Add  &ti"— doc.  for  I  hr.,  and  iacrcaaii^. 

S.  8' 31'  16" 
Sdbtroct  '2'  23"=:  rofr.  4  hrs.  fVoin  uoOQ. 

Or.  S.  8*  W  53"=  dec.  at  8  *.«. ; 

and  w>  OD  Tor  any  lioiir  in  th«  day*  obtaiiiiiig  fi-om  Iht;  declina* 
^on  at  Oreeowicbi  l>v  the  proper  npplicatioti  of  the  liourl; 
niotton,  the  decllnAtion  correMixtikdiitg  to  tJ)ft  hoar  ly^quircd,  aod 
«onvcling  thi»  for  refraction  due  U>  ultiinde. 

To  facilitate  operations,  the  cakulatiou  of  the  decIlnatioD  for 
tlic  diffrn-iit  h'oiiri*  at  tlie  day  Hliould  be  made-  and  noted  before 
titv  eurveyor  coiniueuc>.<s  Uis  work. 

341.  To  Set  off  the  Latitude.  Find  tlie  declination  of  the 
lun  for  the  given  d.-\v  nl  iiiMiii.  at  tlip  placo  of  nlwervntion  na 
J06t  d«acril>ed,  aud  witli  tht?  liingL'iit-i^L'i'^^w  set  it  otT  iipuu  tlio 
<kcHr>alioii  nrc,  and  clamp  the  arm  tlrinly  to  the  arc. 

ObM-.r^-e  in  the  almaiiai:  the  cfguation  of  litnt!  for  the  girea 
day,  in  order  to  know  jibuiit  the  time  the  sun  will  reaeU  the 
nerMfian. 

Tbea,  abotit  (iftoon  or  twenty  uiiuut«ti  b^foro  this  time,  &<^^t. 
u[i  the  IlMtruiiieiit,  level  it  earefnUy,  fix  the  dirjded  surface  of 
the  declination  arc  at  Itf  on  the  hour  circle,  and  tnrn  the  instru- 


392 


PLANE  SCKVETESO. 


I 


mant  upon  its  epiudle  until  the  eolar  leoB  is  brouglit  iuto  tbe 
dir«ctfou  of  tilt?  8I1U. 

IjooBen  the  clamp-sca'ew  of  the  latitude  arc,  and  wltli  tbe 
taiigcnt'Scrow  raiev  or  \ovret  thU  arc  uatil  tbe  image  of  tbe  sua 
is  brou(;lit  precisely  between  the  equatorial  Ituce,  and  turn  tbe 
instrument  froni  time  to  time  so  as  to  keep  tbe  image  also 
between  the  hour  Hiie«  on  tho  plate. 

Aft  the  KUii  ascendii.  its  iinagi:  will  move  1k>1ow  tb^  lines,  and 
the  nti'  muMt  be  moved  to  rollovr  it.  Cuntinuo  thus,  keeping  it 
bctwvuu  tlie  two  iiets  of  liiius  until  its  ioiagc  begins  to  pMB 
above  the  equatorial  lines,  whieh  is  also  the  moment  of  its  past- 
ing the  meridiiU). 

Now  read  off  the  vemirr  of  the  arc.  awl  we  have  the  latitude 
of  the  place.  whiL'h  is  ulways  to  be  avt  off  on  the  arc  vhen  the 
compass  is  used  at  tbe  given  place. 

It  is  the  practice  of  Burvoyon*  using  the  eolnr  eompass  to  set 
oB,  In  tlio  mnnner  JubI  deAcrihed,  the  Intihideof  tlie  point  where 
tlie  anrvej'  begins,  and  to  reiieat  tlic  obiscn-ation  and  correetlou 
of  tbe  latitudi;  are  every  day  wiiL'n  the  weatbcr  is  favoralile, 
tlicn;  being  ultK)  nu  Lour  at  nud-dav  when  the  suu  i»  tiu  nvar  tbe 
meridian  as  not  to  give  the  direction  of  linea  with  the  certainl; 
roqub'ed. 

342.  To  Ron  Lines  with  the  Bolar  Cempatt.  Having  act 
olT  ill  Uiv  uiauuer  just  given  the  latitude  and  declination  upon 
their  rei^pective  aroo.  tbe  instriimeut  hcin^  nl«o  in  adjustment, 
tbe  Htirveyor  in  ready  to  run  lines  by  the  sun. 

To  do  this,  tbi,'  iiisti-unicxit  i»  set  ovi:r  the  station  and  care- 
fully levL-lled,  the  platei^  daiupeil  at  %eroon  the  liorizoutal  limb, 
and  the  aigbts  directed  Dorth  and  eouth,  tbe  direction  beiug 
given,  when  uuknowii,  approximately  by  tbe  needle. 

Ttio  solar  lens  is  then  turned  to  the  suu,  and  with  one  hand 
on  the  inBtnimcnt,  and  the  othtT  on  the  revolving  ann.  both 
ore  moved  from  Bide  to  nide,  until  the  sun'a  image  is  nuule  to 
^pear  on  tbe  silver  plate ;  when,  by  carefully  coutitming  tbe 
operation,  it  may  be  brought  preelsely  botwoeu  tbe  equatorial 
Hnee. 
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A.lloiranve  lieing  now  niiiiLU>  fur  refracttou,  the  liue  or  sights 
rill  intlit-nte  the  tnie  nieri(ll:tn  ;  the  obM^rvation  tnnv  iiow  be 
nwic.  and  Uie  fl^-maii  put  in  jHNsition. 

When  a  <lue  euet  uuU  wvel  liiie  w  to  be  ruu.  the  vcroior*  o( 
the  liorixontiU  limb  are  set  at  UU",  amt  ttie  Biin'a  image  kept 
between  tli«>  1lito«  nit  licfm-o. 

The  Holxr  roin[>naji  being  ho  ronHtrncteil  timt  when  the  wm'e 
imuei*  in  in  iiusiliou  tlii'  liinb  must  Ik-  damped  at  <)  iu  onlcr  to 
niri  a  trie  m«nilian  line,  it  will  b«  evident  tbat  tbt-  Ueahug  of 
Biiy  lini'  from  tb^  lueriiliuii  may  be  reai)  by  Ibe  veniiorx  of  tlie 
Hinb  precisely  lu*  in  the  orvlinnry  inn^etic  compass :  tbc  bear* 
iiiKa  of  Uoc5  arc  read  from  tliL-  euda  of  the  uccdle. 

^^4^■  Tfia  of  the  Needle,  in  runaing  Unca,  the  magnetic 
edle  b  always  k(>|it  vith  the  aan ;  tliat  is,  the  point  of  the 
needle  is  m:i(l(>  to  iiidiciile  0  on  the  an?  of  tlie  rompasti-lwx  by 
lurniug  Ibi:  Uiiigeul-^crew  L-ounvetc-il  ivllh  its  arm  on  the  uppi>- 
^hite  aide  of  the  plate,  liy  this  meaus  the  liaea  can  be  run  by 
^Mhe  ue*iUc  alone  in  case  of  the  tcraijorary  dinapiwanitice  of  the 
sun  ;  bnl,  of  o^iii->><-,  in  ttiieh  caites  the  siLrv<-yor  must  be  sure 
that  no  Ineal  iittrnclkm  U  exerted. 

•  The  viirialiuu  of  tlie  ucedlc  which  ia  noteil  at  every  station, 
le  rvad  off  in  4^n.-ce  and  niiniitcH  on  the  arc,  by  the  ed^u  of 
which  till!  venilar  of  ibc  ut'odle-box  moves. 

344.  Allewance  for  the  Earth's  Carvatore.  When  loug  lines 
are  ruu  by  tho  buliir  cumpatm,  ^Mtbcr  by  the  tnte  iiieritUiui,  or 
du«  eafll  and  weH,  nllowance  must  be  made  for  the  curvAtim 
of  the  earth. 

Thiii*,  in  mnulng  north  or  rujuth.  tb<>  latitude  ohui^M  kboiit 
oue  minute  for  everT  diatani-e  of  '.t-2  chniiia  M)  luiIcBt  and  the 
tide  of  a  towuiihip  reqturc»  a  change  ou  Ui«  laUtudc  ore  of  6' 
12",  the  tciwuxhi]),  of  course,  ))eiiig  aix  inibs  nqiiare. 

Thic  flUuwunev  in  of  cuiiiitant  unv  whutv  the  surveyor  fails 
to  get  an  observation  on  the  aun  at  noon,  and  i»  n  very  close 
apliTOsimatiou  lo  thi-  truth. 
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In  ruaaing  <lue  east  aucl  veist,  sfi  in  tracing  the  stoDilBrd 
ptnlleU  of  Utitii<le.  the  ttightft  sra  Mt  st  W  on  the  Umb.  aotl 
the  line  is  run  at  right  angles  to  the  meridiao. 

If  no  ftUowaooe  were  made  for  tbc  eailh's  currature.  theoe 
lineA  wmitd,  if  BnlBcieDtly  prodaoed,  reach  the  equator,  to 
wbiob  Ihidv  are  i-oiistantly  tL-ndio)!:. 

Of  eourse,  iu  ninuiug  short  lines  either  east  or  weitt,  the 
variation  from  tb«  parallel  would  be  so  sioall  a«  to  be  of  do 
practical  imporUtoce:  but  wbcU  lung  eights  arc  t&kva.  tli« 
correotioQ  should  Iw  made  by  taking  fore  and  bock  sighu  ut 
every  HliiUon.  uoLioug  tbe  orrar  ou  Um?  Inck-sighU  and  selling 
off  oue<balf  of  it  on  the  fore>Higbt  oo  the  side  towards  the  pote. 

345.  Time  of  Da;  by  tb«  Sun.  The  time  of  day  is  bett 
ascertained  by  the  solar  eumpam  when  the  son  is  od  the 
meridian,  as  at  the  time  of  making  the  observatioa  for  Inti* 
tude. 

The  time  thus  given  is  that  of  apjiareot  noon*  and  can  1>« 
reduced  to  mcftn  time,  by  merely  Applying  tlio  e^antion  of  lime 
afi  directed  in  tbv  almnunc,  anil  luidiog  or  snbirftcling  as  the 
sun  M  alow  or  fast. 

The  time,  of  course,  cow  alao  lie  takvn  heCon  or  afti;r  noon. 
by  bringing  the  etin's  image  between  Che  hour  lines,  and 
noticing  tlie  position  of  th»3  divided  edge  of  th«  revolving 
arm,  with  rcfcronce  to  the  grndnaCionB  of  the  hour  circle, 
allowing  four  minutes  of  time  fur  each  dcigree  of  the  arc.  and 
thuft  ublniuitig  iLppuivut  lime,  wbicib  must  be  corrected  by  the 
fKiUAtion  of  time  aa  just  described. 


346.  Caation  ac  to  the  False  tmfige.  Tn  using  the  compan 
u|)on  tbi-  ntiti,  if  Uic  rt-valving  nnii  he  turned  a  titUe  one  side  of 
itB  pro[»er  ]>o&ition,  a  fal»c  or  reflected  lui^cfi  of  tbo  sun  will 
npijear  on  the  silver  plato  in  neariy  the  snmo  plaee  &a  that  oc-co- 
[Hcd  by  the  tnio  one.  Jt  is  eautied  by  the  reflection  of  the  true 
image  from  tbo  surface  of  the  arm,  aud  Is  &  fruitful  source  of 
error  to  the  inexperienced  uurvcyor.      It  can,    however,  be 
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leadilj  distingumlii-d  frum  the  real  imiige  by  beiug  much  lem 
bright,  and  not  no  clearly  tlefiueil. 

I  347.  Approximate  BearingB.  Whaa  tlie  bearings  of  liaea, 
■nch  SM  Uie  courst  of  ii  »il,n':irii.  or  the  boundaries  of  a  forest, 
nri:  uot  dt.*airc<i  with  the  eerlaiuty  gireii  b;  the  verniers  and 
liorizoutol  Uinb,  a  rou^b  ft|)vro\imati<jii  of  Ute  Mv^iv  tUvy  make 
with  tbe  true  uioridmu  tu  obtained  by  thfi  divisions  on  the 
outside  of  the  rircnlar  plate. 

In  tliia  upcmtion,  a  pemil,  or  thin  strnight  edge  of  h.uj'  sort, 
ia  bi-ld  piTpendirularly  n^coinat  the  circular  ed^e  of  the  plate, 
aud  moved  around  until  it  ie  in  rouge  with  ttio  eye.  the  broM 
centre-pin,  aud  the  objiH't  ob(t«>rvcd. 

Tlie  beflring  of  the  tine  ii  tbcn  read  off  at  tbe  point  wlieK'  the 
pencil  LB  placvd. 

I  348.  Time  for  Using  the  Solar  Comptus.  The  aolar  com- 
pa^tt.  like  the  onbiiarv  ini^initiu-iit,  van  \ui  w^nd  at  ull  HwiKons 
of  tlie  }'«flr.  the  nirmt  fiivoriible  time  Ifeiiig,  of  eourse,  in  the 
snmmrr,  when  the  <leclinatiQn  ia  nortli,  and  the  days  are  long, 
and  niorti  geuemlly  fair.* 


IORIOIM  OP  THE  SYSrSM  FOR  THB  aUB.VKV  OP  THB 
PtJBLlC  LANDa.t 

349.  The  present  »yat*m  of  survey  of  the  public  lands  was 
intii)^imtod  hy  a  coinniittce  itppointed  In*  tbe  i'ontiui'ntnl 
Congress,  of  whieh  Tiiotuiia  JelTi^i'HOJi  wiis  rhairmau.  This 
coDiiuiltee,  on  Miiy  7.  17M-I.  reported  an  ordiimnce  requiring 
publii;  lands  to  Ik  divideil  into  "  liiimlrcdfi"  of  ten  geographical 
milea  sqaarc,  and  tho»c  ajiiun  tinbdividcd  into  lot*  of  one  mile 
■qnarc,  each  tn  he  nurohrred  from  1  to  IW,  eommenciug  in  tbe 
martkwtatem  comer  and  cuntiuuing  from  west  to  «a«I  uiid  from 

'  8m  Article  U7. 

t  Thr  folInwiTig  pages  reKanllny  ibc  goTemmenI  njmya  are  from 
jflnMrBctioni  of  the  GcimtmI  I,«nil  iXBt-o  lo  the  Riirvryor»-tH'ncriil  nf  the 
iMd  6ut«a  relative  tn  the  Siirrcj  of  ihc  Pulilic  Ijuiit." 
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eaut  to  west  conoecutively.  liy  Bubseiiuent  MnendnMnt,  Aprit 
26,  17H5,  the  orilinauce  rttjinrLtl  tlie  uurvcyora  "  to  tlivido  ihe 
saiil  territory  ititu  tutrtisliip^  of  7  n)il«A  equve,  by  linf^s  ruaoiug! 
due  north  and  eoutU,  &ud  others  croesiog  tti«8Q  at  right  angles. 
The  ploU  uf  ttj*.'  towii^hipu,  reapoftivcly,  sbnll  bo  iD»rk<><l  by 
subdiviitioiis  iiilo  Hcvtioiix  of  t  mile  sqium;,  or  CIl)  uons  iii  tba 
same  direction  aa  the  external  linen,  nod  numbered  from  1  to 
49,  uiul  tltL-HL'  aectiotiH  hIiuU  lit'  »ul)ilivkkHl  into  lute  of  320 
acres."  This  is  lUe  Ural  record  of  tiie  wee  of  the  lenua  '* 
ship"  ftnil  ''  8octloti." 

Tliifl  ordinanoo  wns  siih!sf>r|iteiitly  Htill  fnrlh^^r  nmeiidtid.  u3 
as  fluiilly  pissed  on  the  20th  of  May,  178,1,  pmvided  for  town- 
8hi|M  6  inilvd  equore,  cuuluiiiing  3G  scctiouit  of  I  mile  Dqaarc. 
The  lirst  public  BUrvoys  were  made  under  this  ordinanoe  bj 
the  direction  of  thu  Geogrnplior  of  the  United  States. 
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The  not  of  CoiigTcee.  approved  May  18,  179fi,  provided 
for  the  appoiutm«nt  frf  a  aiirvi^yor-f^ocral,  ADd  directsd 
the  survey  of  landa  uorthwoat  of  the  Ohio  Kiver,  and  abore 
tho  inoHtli  of  tlJB  Kontufky  River,  "  in  whieh  tho  litlea  of  the 
Indian  triWs  have  been  extingnieljed,"  and  arnoog  otb«r  pro* 
Tinioiiv.  that  the   '^bccUods  shall   be  nambered  refipectivety* 
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bepaoiDg  witli  the  namber  odc  Id  the  Dorth«aKt  Hcctioii  tiad 
proceeding  wcttt  nnil  eiMt,  alternately,  through  tlie  towuHliip, 
with  i>rogre!Miive  tiurabcra  lUI  the  thiit^r'-aistli  he  cxmiplct^-d." 
Tbiit  tncibuU  of  uumhtrru^  »ectiuii»,  am  shown  by  the  preceding 
diagram,  ia  atiU  id  use. 

The  act  of  Congri'Sfi,  approved  Feb.  11,  1W5,  directs  ttie 
Buldivisioim  of  tlie  (tubltc-'  luuds  intu  qiiartcr-KootioOB.  The 
let  of  April  21,  M20.  [iroTidcH  fur  the  ftulc  uf  the  public  landi 
b  lwU-<iuBrtLT-ML'ction»,  ami  Ui«t  lu  uvery  caaf  of  lli«  dirialoD 
of  B  quartvr'SiH.-tiou,  the  dirieiioD  line  stinll  run  uortli  and  ttouth. 
A|>ril  6,  ItiS'J,  Congrctw  direct«<l  the  Kiilidi vision  of  the  public 
laiiilii  into  quarU'r^qunrtcre,  aod  requiritig  the  divislou  Uu«  to 
rau  east  and  west. 

350.  A  surveyor-genei-al  for  each  suiA-ejinj:  district  ia 
ap|M>intc<1  by  the  Prottidcnt,  by  ninfl  with  th(>  ndvjoc  of  tho 
.Senate.  He  ia  retiuireil.  nhile  in  the  diat-hniye  of  the  duUefl 
of  his  office,  to  rcsklc  iu  the  districl  for  whieh  lie  Ea  appoiuteil. 
Ui8  term  of  otRcc  i&  four  years,  and  be  ttmut  i^ive  lioodsi  with 
MilGcient  security  for  the  peiml  sum  of  8^o,U(ii:t,  for  the  faithful 
(fiHltuTRemoDC  of  ol)  [lublic  money  placed  in  l)i«  hnndi4,  and  for 
tile  faithful  perfonniuicc  of  the  diitioH  of  hit*  olDcie.  Among 
oiIkt  Jutieti  pivscrilwd  by  Istw  imd  set  forth  in  Uiv  manuul,  the 
burveyor-geoersl  in  nngnired  to  engage  a  sulllcicnt  iiiiinber  of 
KtciUal  earvcTorik  jw  his  deputies,  and  «haJI  cmise  to  hs  sur- 
royed,  tneaitiired,  nn<l  markc^d,  without  dolny,  nil  hnse  and 
nivriiliaa  lines  tlirou}ch  such  poinlM.  ami  pifr|«?iuated  by  stieh 
iiionumeots.  ami  such  otlier  eurreetJon  parallel  and  iiieridiaiis, 
«B  may  be  prciH^ribed  by  law,  or  by  inBtriioliona  from  tlie 
<W-iicral  Land  (Mike,  in  respect  to  the  public  Inudi^  witLia  his 
sunreying  diHtriot  to  wblcb  the  Indian  title  has  been  or  may  be 
cxtingaisbed. 

36X.  Sjftem  of  K«otiu:guUT  Sorveyitiff.  The  public  Uuds 
of  llie  United  Stateft  arc  ordinnrily  surveyed  iaio  reet&ngular 
Incts,  liouiidiKl  by  linen  confurming  to  the  earditial  points. 
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The  public  Innda  shall  be  Uiil  off,  in  the  first  pUoe,  into 
bodicM  of  land  2i  utiles  stinarc.  u»  near  as  ma;  be.  This  shall 
be  (lone  by  the  esteueion  of  staDciard  lines  from  the  priadpal 
meridUn  every  24  mUes,  and  by  tlie  extension  from  tti4>  hum 
and  Htnndnrd  lines,  of  KU\iliiiry  meridtauK  every  ii  milns. 
Thereafter  Iliey  sliall  be  laiil  oft  into  budles  of  Isnd  (i  mile» 
Hquore,  at)  near  lus  may  W.  called  totonatUpat  coDtaintng,  as 
near  ns  may  be,  2:j,m<)  oci-cs.  Tbe  toiTDsbtps  shall  be  Aob- 
divided  into  St>  trnols,  (.'nlled  geetiun»y  each  containing,  tm  near 
na  may  be,  640  acres.  Any  number  or  sericfl  of  ouuUguous 
townHlupft,  sitnate  north  or  south  of  each  other,  conKtitute  a. 
ranr/c. 

(a)  Tlie  law  rmjtiires  that  the  lines  of  the  public  siirvcTS 
shall  bv  governed  hy  the  tnto  tut^ndisu,  and  that  lUe  tontuihip 
shall  \w  six  miles  square,  —  two  thin^  involring  in  conneetian 
a  niaLliL'inaticid  IiupuBBibility.  For  »triclly  to  (.•onforra  to  the 
Qieritlitin  necesaarily  Chi-ows  the  township  out  of  wiuarc.  by 
reason  of  thy  eonvergvucy  of  iiieiidiaiin,  and  hence  by  adberinj; 
to  tliG  true  ineridinn  rt-snlU  thf  ncooe»ily  ^*(  disparting  from  the 
strict  refiHirempnt*  of  law,  as  respectn  the  precise  area  of  town- 
■hi|M  and  tbc  siibdivUionol  ports  thereof;  the  towaship  iiaaiiin- 
iug  ttoiiiettiitig  of  a  trnpezoidal  form,  whidi  iriviitmlity  di-Y4.-li>|>a 
itself  more  and  nioif  h»  siieh,  the  higher  Uio  hililixle  of  the 
suii'ojs.  It  \»  douhtlcf's  in  view  of  these  clrcnmstanoes  ibat 
the  law  provides  (sec  Section  2  of  the  act  of  May  18,  1T1P6) 
tlmt  the  Dectiuu  uf  a  mile  squai-e  shall  c-ouiuiu  the  <iiianUtv  of 
640  acres,  tw  nearly  as  may  be;  and,  morever,  proYtdcs  (mm 
Section  3  of  the  net  of  May  10.  ISOO)  in  the  following  worda: 
"And  in  nil  cases  where  the  exterim*  lines  of  the  lJ)wiiBUi)>s 
thus  to  be  Bubilirided  Into  sections  or  half  .sections  shall  exceed, 
or  shall  not  extend,  tl  miles,  the  exceHt>  or  deliciency  shall  be 
specially  iiotcd,  and  added  to  ov  deducted  fi-oni  the  western  or 
QorthtTii  rniii];i>»  of  eeetjuns  or  half-sections  in  tsuch  township, 
according  as  the  error  may  be  in  runnins  the  line^  from  east  to 
west  or  from  south  to  north ;  tlie  seeltons  snd  half^sections 
bounded  on  the  northern  and  western  lines  of  auch  townships 
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Hhall  lie  sold  as  conlAJning  oiiW  the  qimnrit;  expreftaed  in  tlie 
rctttTu«  &n<1  plate,  rtispcctivcl)',  and  all  uthviv  a»  cunUiuiuff  Clio 
com^^ete  legal  qunntJtj." 

SectiotiH  5  hikI  r.  of  Townsbip  N'o.  fi,  North,  Rnuge  Xo.  34, 
ca6l,  of  t)ie  prliicipnl  lueridiun,  Moutnnn,  nre  exinbited  1)clow  : 
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(A)  The  section  Uncs  nee  »urvvyei\  trom  touth  to  oortb  on 
true  tneridians,  nud  from  east  to  west,  in  oiiler  to  throw  the 
pxcpsftPB  or  (Irflr-ionrica  hi  nifasurcnicnU)  on  Uie  north  and  west 
nidcH  of  the  tono»hip,  us  ruquitud  by  Iilw.  in  u  vuai)  nbvru  u 
town»liip  bas  been  partially  aurvcj'«d.  and  it  is  necessary  to 
ooni]>lete  tla>  Htirvcy  of  tliv  t<>!tii]L%  or  wtiure  the  clianu'tcr  of  the 
land  \»  ^ucb  tliat  only  tht>  iioitli  or  wei^t  [)ortion»  of  the  town- 
abip  can  he  surveyed,  this  rule  cntiuot  be  DtricUy  adhered  to; 
but  iu  such  vases  must  be  d«|)artcd  from  ouLjr  so  far  ae  is 
ftl>AoIuteIv  neopssary.  It  will  also  bt>  necessary  to  depart  from 
titia  rule  wb«re  Burvoyn  closp  U|Min  Slate  or  Territorial  honud* 
aril's,  or  ii]h>ii  Hiirveyft  extending  frotn  difforcat  lueriiliana. 

(r)  The  ttxriiehips  arc;  to  bt*ar  uuiulicra  iu  n.>»|>c(.'t  to  the 
Imap  Hoc,  either  north  or  fwmth  of  i1 ;  aud  tlie  tiers  of  towurihipB 
called  "rimgea"  will  benr  nuiiit<»r»  iu  reHpei-l  In  the  mvridiau 
line.  accoL-diug  to  their  relalii'e  position  to  it,  either  on  the  east 
or  west. 


soo 


PLASE  SL-RVEYINO. 


((I)  The  Ad  sections  into  which  a  township  U  Mibdividcd 
fin:  iiiimberud,  commencing  with  niimher  nnr  at  the  tUfHhaiM 
nngle  of  the  tovti&hip  and  |ir<M.f<:(liu^  west  to  number  6.  and 
tb<-tico  proc««din^  CMt  to  mimbcr  1:2,  and  eo  on,  alternately 
until  tho  nuiii1>er  -li)  is  in  the  KOdtheast  angle.  In  all  cases 
or  Biin'4<)*!t  of  fniclioTiftl  towii^liijiH,  the  Bectiona  sliould  bear 
the  same  niiniliers  an  they  would  if  the  township  were  full. 

(«)  Slaoilanl  pumlk-1«  ishiUl  he  e»lahli»hed  at  interval*  of 
Crerr  '24  iniW,  north  and  Hoiitb  of  the  bnse  liue,  and  auxitinn* 
meridians  at  intervals  of  every  24  milea.  eaftt  and  wetit  of  the 
pritiiipnl  nieridiiiii :  tlie  object  being  to  roiifine  the  errors  resalt- 
iiig  fmin  ronvergenofi  of  ineriiliaoH  and  inaccuracies  in  nieasare- 
n)cot«.  wiUun  the  lr&vt«  of  laud  boutide<l  by  the  liuea  so  ci)Ul>> 
lifthed. 

(/)  Tlie  »urvey  of  ftll  priacipnl  bfwe  and  meridian  stuidanl 
paralk'U,  and  atixiiinr^'  meridian  nnd  township  lines  must  be 
made  witli  an  instniiiiuat  uiieratiiij;  indcpendenlly  of  the  mag- 
netic tieedie.  Ilurt'ii  ititjyyjved  nolnr  ccmpag*,  or  other  instit^ 
nient  of  equal  iitilily,  niutit  tie  iitii'd  of  ni'e<>>i»{tv  in  «i)ch  eases; 
and  it  la  deemed  lieitt  thnt  DQch  inatrumenl  Khould  be  used  under 
all  circumstances.  Where  tho  needle  can  be  relied  ou.  bowever* 
the  ortlinary  eompuas  may  be  ueed  in  !<u>)dividing  nnd  meander* 
JDg.  WheneTcr  deputies  use  instriimeuts  with  magnetic  appa* 
ratus  oulr.  they  lunst  teet  l\v*  nvcvracy  of  tlieir  work  and  the 
condilion  of  their  in«tritmetit»  by  at  least  three  obaonratiou 
upon  a  ciimmpular  stnr.  ii|>on  different  days,  between  the  ooin> 
meuccmenl  and  elose  of  Burreyiug  operatiooa  in  any  given 
township.  I>epulies  rising  infttrumentd  with  lobr  apparalua  arc 
not  reqiiirod  to  iiialcc  obtiL-rvntiunii  of  the  atar  Polaris,  but  they 
must  text  their  inetnimenis  by  t.ihing  the  lalltude  dally,  weather 
pennttMng.  in  ninning  base,  standard,  meridtan,  and  range 
lines,  and  u|>un  tliree  difTorenl  daye,  during  the  exemtion  uf 
subdivisional  B\irvey«  in  each  township.  They  must  malcc  com- 
plete rocordH  in  their  field  noto«,  under  projier  dates,  of  the 
making  of  all  observations  in  coToplianoe  with  these  Instnictkius. 
showing  the  style  uiid  cniMJition  of  the  instrument  in  use,  and 
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tti^l«  foi-nied  b,v  comparing  tbc  line  ma  ivUh  the  merkliao 
u  d«l(*rniiR(?c1  by  oh«crvalion». 

(y)  Ttie  con»tru4-tion  niid  ailjtiHtnientii  of  all  gurreyiiig  in* 
sliumeate  ii^il  in  the  sui-vcyiug  of  the  public  lands  of  tlie 
United  States  inuBt  l>e  tvst«(.l  tit  It-jist  onoe  a  yeav,  an<l  ulU'iicr 
if  necessarr,  l>y  coinpariBon  witli  the  true  ineridiun,  cstnblleti(.'d 
under  Uie  direction  of  tbe  stirvc^vor-goncrnl  of  the  district :  and 
the  iDStmmcntH  must  be  so  tnodifled  in  eonstniction ,  or  in  ftiicit 
»  way  corrtctfd.  ns  may  be  ncet'ssory  to  piwlucc  Ihc  rlost-st 
piiSsiMv  R[>|>ruxiiiiii.tioii  to  ncciiruuy  and  unifnnmty  iu  Uic 
operatioa  of  all  such  instruments.  A  record  will  be  ronde  of 
(ucli  esaminatjonft,  tthowbi^  tlie  uunibor  »u(i  elj'lc  of  the  Iuhm-u- 
meot.  name  of  the  maker,  the  quantity  of  tn»triimeTital  errnr 
iliitcoverud  by  oonipuiisoii*  in  eilhcr  solar  or  mogQutii;  uppsmtus. 
or  both,  and  me»n3  taken  for  correction.  The  aurvcyor-gcncriil 
will  allow  no  Borvoya  to  be  mnrle  notil  the  inatnimenta  to  be 
ued  therefor  have  been  approved  by  him. 

(A)  Tbe  towunhip  Uoi-s  udiI  the  Hubdiviaiun  lines  will  tiHually 
bs  meostired  by  a  two-pole  ohiiiii  of  33.03  foL-t  iu  lungth.  con- 
Bistil^  of  50  linki).  ami  each  link  being  7.^-2  iiivliea  l»nt{.  Utt 
tuUbrm  and  lorel  ground,  however,  the  fonr-polc  cbain  may  be 
■Med.  Tbe  ciftaHuriMnPiita  will,  however,  always  hp  reptesented 
aofsonlit^  to  tbe  four-[joli'  fhidu  of  100  links.  The  fcmr-pole 
cbaioa  must  he  adj'wtfd  to  lengths  oT  fifi.dfi  feel.  Tht  object 
in  a4dtng  alx-hundrcdtlnH  of  a  f<>ot  to  the  tii!  feel  of  n  four-pole 
chain  is  to  ntutiire  thereby  tlint  f>i',  feet  will  ■>(■  net  off  upon  the 
e&rth*8  surface  without  the  application  of  a  greater  Hiraia  lluiu 
about  £0  puundH  by  the  clmiDiiien.  tliu»  providiii^r  for  toss  by 
▼srticnl  curvature  of  the  {-bain ,  aixl  at  the  same  tiuie  a%'oiding 
tile  tmcertaiti  ro^ultM  attending  tlio  9pplii<ntion  of  (ttrnina  taxin)* 
ita  olosUctty.  The  deputy  Burveyor  must  provide  himself  with 
a  nwasure  of  the  standard  chain  kept  at  the  oDIcv  of  tbe  aur- 
TCyor-fp-'ueral,  to  lie  used  by  him  as  a  Held  standard.  The  chain 
ill  U90  tniist  be  compared  and  adjusted  with  thiu  lield  slaiidnrd 
«acb  working  day ;  and  such  field  ntandard  muRt  he  retnrned  to 
Ilie  giirveyor-general'a  odlce  for  examination  when  his  work  ia 
iiampletixl. 
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3S2.  Of  Tally-Pins.    You  will  use  1 1  tnUy-pios  made  of  tted, 

not  exi'4.>f(li[);j:  14  iuiUi-tt  in  leiigiti,  weigbt^f  enough  toward  tlie 
point  to  iimke  th<-iH  (lro|t  i)er|)emiicHUirly,  and  baring  u  ring  at 
tlie  top.  Id  nhicLi  is  to  be  fixed  a  )»coc  of  red  dotli,  or  ttomc' 
thing  cUc  of  conspicuous  color,  to  make  them  readtlyseen  wtieo 
stuck  in  the  ground. 

353-  FrocMs  of  Chaining.  In  tneaaaring:  line«  with  a  two- 
pole  uliuiu,  every  /('<?  iliiiius  arc  uallvU  a  tails !  """d  in  nieaiur- 
iiig  ]in«a  with  a  foiir-itola  chain,  every  ^e»  chaiua  ai*  called  a 
tail^,  becuuiie  ut  ihat  diatauei<  the  IbaI  uf  thi>  1(1  tall^^-pinu  with 
which  the  forward  ctininiuan  set  out  will  hitve  l>een  stuck.  He 
then  cries '*  tally  ";  which  rrv  is  repeated  hy  the  otlier  uliwa- 
man.  and  each  registers  the  UiHtnuce  by  clipping  a  thimble,  bnt- 
ton,  or  ring  of  leather,  or  suntething  uf  the  kind,  on  a  belt  worn 
for  ttiat  purpose,  or  by  hoiul'  other  iM>i]veiiionl  iiielhuiL  The 
hlud  chaiiiiniin  then  ixinies  uj),  and  having  (xiiinled  in  tlie  ]Kes- 
encv  of  his  fellow  the  t«lly-ptnH  which  he  ba«  taken  up,  »u  that 
IkiiIi  may  be  assured  tlint  iioue  of  tlic  pios  have  been  lost,  he 
then  takes  the  forward  end  «f  the  <<hain,  and  ])n)ce(>d8  to  aet 
the  pins.  Thus  the  ehuiiiineii  altei  iiatcly  ohaoge  places,  each 
setting  the  pins  that  he  tms  taken  up,  so  that  one  is  forward  ia 
nil  thi'  odd,  and  thi'  other  in  all  tbc  even,  tallica.  Such  pr»- 
ctilurc,  it  ia  believed,  teuda  to  insure  accuracy  iu  measurement, 
facilitates  the  recullection  of  llie  distances  to  objects  on  tli« 
line,  and  renders  n  mtit-tally  atnioitt  ini|iaftsible. 

354.  LeT«lIiiig  the  Chain  and  Plumbing  the  Piu.  Tbc  length 
of  every  line  you  run  is  to  he  asLcrCained  by  precipe  horizontal 
uiL'iiHMn'iiicnt,  !Ui  nearly  approxiiiintiug  to  an  air  line  as  is  poMi- 
ble  in  practice  on  the  earth's  surface.  This  nlUimportant  object 
can  only  be  altaiiieU  by  a  rigid  adherence  to  the  three  fotlowing 
obsrrvaiices ; 

Kver  keepiug  tJie  chain  Btvetchtd  to  lie  utmost  degtvc  of  teo- 
aion  on  even  ground. 

On  uneven  ground,  keeping  the  chato  not  only  su-etclied  u 
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bat  boiizontaUy  levtiUtt.  And  wlieii  neceii<ling  or 
_  Btcep  ^rotiud,  litlU.  or  mounUine,  Llic.  ttiaiii  will  hftve 
to  b«  afiorteueii  to  oue-Lalf  lU  luu^tb  (ami  Homctiuit.'^s  more),  Id 
order  accuntelv  to  obtain  tho  true  liorizonUil  inowurcmcnt. 

The  carcHil  pliiiiiMiig  of  the  tnlly-l»inf*-  so  nn  to  nttntn  pre- 
cisely the  )j)ot  whriv  thrv  oltoutd  Ite  etuvk.  Tli^  luore  uaevea 
tlw;  Burfiic«,  ttiL-  proatcr  liic  caiitioii  uwdwl  to  »el  the  pius. 

355.  Varking  linei.  All  liiieH  on  wlacli  ari>  to  !>p  cHUib- 
lUhctl  tbt  Ifgal  t-croer  boumlaricn  urc  to  hv  iimrkfil  iifti-r  this 
tDL-tliod.  viz.  1  Tliui»c  Ireoa  wbicli  uiav  intercept  tbe  Hue  must 
bavc  two  cliops  or  notcliee  on  each  sido  of  thorn,  without  any 
ciih^T  iiioriis  wh»t«ver.  Tlie»e  nrc  caII«(I  ju'y/ii  fjww  or  liitf  met. 
A  miincient  numljer  of  oLlier  trees  standing  within  .^0  links  of 
the  l!i>v.  on  cilla-i'  sidv  of  it.  iiru  U>  be  MukimI  uu  two  sides 
diiigutially,  or  qtln^l«nn^  toward  tlie  line,  in  order  to  render  tbe 
line  coDspicuou*,  and  readily  to  be  traced,  the  blazes  to  be 
opposite  each  otltcn'.  cninctdiug  in  direction  with  the  line  wlicra 
the  trees  stand  very  near  it,  and  to  ap[>ruacb  neai'vr  eat^b  otlier 
the  fartbtr  the  lint-  piuiiM-s  froni  the  hlanL-d  tn-cii. 

Whcrv  trees  two  iiiclicH  or  more  iu  dtnuieter  ai'c  found,  the 
reqiiir«<l  blazes  tniiBt  not  be  oraitted- 

Hii»befl  on  or  iicnr  tlic  line  ehoiild  lie  bent  at  right  angles 
titerewitli.  and  rtH'cive  a  blow  of  the  axe  tit  a))out  tlie  usual 
hfigbt  of  bbires  from  the  groinid  sudk-ient  to  k-uve  tjifin  ia  a 
b«ut  i>oetlioni  but  not  to  prevent  their  growth. 

356.  On  Trial  or  Random  Linei  the  tri<cs  arc  not  to  be 
blazod,  uutesa  ocvusioiiull v ,  from  iudiB|)c usable  ueoesalty,  and 
th«u  it  mnst  b«  done  4o  ji^unrdnlly  oa  to  prevent  the  posslbllily 
of  confoundin;;  the  nmrk«  of  tlie  trial  lin«  with  the  Inir.  But 
bushes  and  linib»  of  tn'c<i  luiiy  be  lopped,  und  ttah-a  net  on  the 
trial  or  random  lino,  at  «very  ten  chains,  to  enable  tlie  eunreyor 
on  his  return  to  follow  and  corr<.H't  the  trial  tine,  and  eutidilish 
therefrom  the  Inte  linf.  To  prevent  confneion,  the  temporary 
Blflkea  set  on  the  trial  or  random  lines  mnat  be  }mIM  up  when 
the  aurveyor  retorns  to  esL-iblish  th^  true  line. 
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3&7-  Insuperable  Objects  oa  Line ;  Witneu  Points.  -Under 
circtimstiinovR  wlu^if  your  coiirso  is  ohstrii(;ted  liy  iin|uis)iable 
ot)stacleH.  audi  as  jjuiiju.  svrainps,  marsliea.  lukcs,  rivers, 
crceksi  ctc-i  ;ou  will  prolong  tlte  line  across  audi  obstadeB 
by  means  of  riglit-an^le  offeeta;  or,  if  audi  be  incouveuient. 
by  ft  ti-iirerBc  or  iriftonometripal  opemlion,  until  yoii  n'gAin  the 
line  on  tlir  n[)pajiite  mde.  And  in  cose  a  norUi  nnd  soiilli.  or  a 
ti'itc  east  tnid  ni'st.  line  is  ri-gaineil  iti  ndvuitcu  of  niiy  auoh 
obetadc,  yon  will  prolonir  nnd  marit  tlie  line  back  to  tbe  ob- 
stacle eo  pa«tw.'tl,  flu>.l  ^tittv  all  tlie  pai'(i(^uUr4  in  relation  tlicrcto 
in  your  fiflldbnok.  An<l  nt  tli(>  Intc^rstection  of  lines  witli  both 
margins  of  impassable  obsUcles  you  will  vatabliah  a  uilneu 
{xjint  (for  tlie  piir|iofti'  of  pcnx-tiinting  the  interiections  ther«- 
nitb)  t  by  Btitttng  a  {lost,  and  giving  in  your  (leld-book  the  couree 
and  distance  tlicrofrom  to  two  tn>ea  on  nppofltte  Bid«»  of  tbe 
\mv,  ent'b  of  wliic'li  trets  you  will  mark  with  a  hlnze  and  notob 
fucing  tUe  pust;  l.nil  on  the  tnnrginit  of  navigable  watctcoiirw* 
or  navigable  \&kea  you  vrill  mark  the  trees  with  tbe  proper 
Dumber  of  the  fractlouiil  sucliou,  township,  and  raogc. 

358-  Tbe  Best  Karking-TooU  adnpti>il  tu  the  purpose  miut 

bt?  provided  lor  lutirkiiig  iK-:Uly  an<l  tliiftincltif  all  the  letters  and 
figiiiew  refinired  to  he  made  at  corners,  AnJtic  li^nirea  being 
ascd  cxcUisivL'ly  ;  iiuj  the  deputy  in  alvraya  to  tiavu  »t  bund  tlie 
necessary  unplements  for  keeping  his  roarkiug-toulu  in  order. 


h 


359.  Eatablisliing  Comers.  I'o  procure  the  faiLhriil  exeru- 
tiou  of  this  purUou  ol  a  surveyor's  duty  la  a  mailer  of  llie 
Htmost  iin[Xirtance.  After  a  true  coiirsiug  and  most  exact 
nicasuremeat,  the  ei^labljithnieiit  of  conierg  Is  th«>  eonsiimmalion 
of  tlie  work.  If.  therefore,  the  comers  be  not  perpetuated  in  a 
permanent  and  wuikinaiilikc  mnnncr,  the  great  aim  of  tiie  aof 
voyiiifi  Burvioe  will  not  biive  hwn  attained. 

The  following  are  tbe  dilTerent  jMints  for  perpetuating  cor- 
ners, viz. : 

(fi)  For  tow[i9lii[>  boundariea,  at  intervals  of  every  C  miles. 


I 


SURVEy  OP  THE  PftlUC   LAXD9. 


305 


(6)  For  section  boundiirifs,  ul  iutt-rvals  of  every  mile,  or  80 
cbntos. 

(c)  For  quarter-section  Iwimdarics,  at  iotvn'nle  of  every  half- 
mile,  or  40  chafiw.  Ksceptions,  liowever,  ««mr,  as  fully  set 
forth  hereafter  in  thst  portion  of  the  maQiinl  ttbowitig  tlir  ttinii* 
oer  of  ninoiug  tofrit^liip  Uaes  and  metliod  of  HutHJividin^. 

(d)  Meftoder  corners  arc  e«tal>li»tie<l  At  all  tliose  points  wlicro 
tbn  lin«-«  of  (lie  pnblto  Him-c>yii  iiitorsort  tiiC-  liunlcH  of  such 
rtvem,  bayous,  lakes,  or  ialauilo.  am  are  by  lair  dii'vcted  lu  be 
naeanclerett. 


360.  MisoeUaneous.  'Wticn  a  rook  ia  place  U  establiHhed  for 
a  cvruer.  its  ditnwiiKiouH  ntiuvc  ^'ouiij  must  liu  givvu,  uud  n 
crot'S  (  X  )  marked  at  exart  corner  {koinl. 

^VTiere  mounds  of  t-atlli  arc  raised  "  aloneside"  of  comers  on 
N.  And  S.  lincA.  Ihcy  must  b«  t>lnc«d  on  tin.-  H'.,  and  ou  lliv  E. 
autl  W.  Iin««  oti  Tiie  N.  side  of  vomer,  lit  unse  tbi'  (.■liarnc.-ter 
of  the  laad  m  mich  that  tUiH  cannot  b«  done,  tbe  deput,^'  wiU 
state  in  his  iiuteH  instcncl  of  "alongwdc"  "S."  (on  E.). 

In  ciuf  wbcru  pits  iiru  practirablc  the  deputy  prefers  raising 
a  mound  of  atono,  or  »toiie  cx>v«r«d  with  earth,  aa  more  likely 
to  |H:>r]H>Uiato  ihv  corner :  he  nill  ntte  tiie  form  giveii  fur  niunnd 
of  utone,  omitlinjj  the  wonls  "piis  intpraetiCBble,"  and  adding 
'* covered  witli  earUu"  when  bo  established. 

Where  tlic  reciliimtc  number  of  trues  can  be  found  within  SOO 
links  of  the  corner  point,  three  {•i]  bearing  trees  ehoidd  bo 
•stiiMislied  for  «very  ttandard  or  rJosinfj  cc/mer,  four  (4)  fw* 
erery  comer  common  to  four  tmLmahips  or  xfttiotui,  and  two  (i) 
for  every  qtiarlrr-m-itiun  comer  or  meanilcr  cvrner.  In  case  tlic 
requisite  number  onunot  be  found  witliiu  limits,  llie  deputy 
mu8t  state  in  his  (lold  notce,  after  describing  those  (?sLabUsh«il, 
"no  otfaRr  trees  within  limits."  and  "dug  pita  in  sees.  — &• — ," 
or  "  raised  a  mound  of  stone  alongside." 

StODce  18  inches  nod  less  long  must  be  set  two-tliirds.  and 
over  16  inchea  long,  three- fourths,  of  their  length  in  the  ground. 
No  stODCH  containing  Icks  than  ■'304  cubic  inches  must  be  usod 
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for  corners.  Particulnr  Btt(>iitian  ia  colled  to  ttu)  "  BDi&manr  of 
objects  and  data  rcqiiiri^d  lo  bo  aotad."  on  pages  —  and  —  of 
tlieite  instTUctions,  and  it  ie  c^ped^d  tbat  tJie  drputy  will  tbor* 
oaghly  comply  with  the  Hsmc  in  his  work  and  field  notes. 

Xo  iDouiitAins,  «wftmp  liiods,  or  land*  aot  classed  aa  biurey- 
able,  nrc  to  l>i>  icDandared,  and  nil  liaea  np^ironchiuf^  «iich  lands 
must  be  dmcoiitiuuiHl  nl  tlii>  soctiun  or  fjunrt«r->i«ctioii  corner. 

Wlierr,  b>i'  lenfion  of  iiupaf><tahlc  objects.  tli«  BOuth  botmdair 
of  A  townsbip  cannot  be  vstubUslK-d,  au  cut  and  west  liiiu 
Bboiild  he  ran  throii([h  tho  township,  Hi-nt  random,  and  th«a 
Corrected,  fi-oui  one  rungt>  lino  lu  Ibo  ollit-r,  and  as  far  aoutli  a* 
possible,  and  ll'oiu  aiicb  lin«  itie  i^cctlon  lines  will  he  extended 
in  tho  UHiial  mnnncir.  except  urcr  any  fVaetions  noiitb  of  tuiid 
line,  nlik'h  may  be  surveyed  in  tlic  oppusitv  direction  from  ttaa 
section  comera  on  the  anxiliary  base  thus  catabliabed. 

Wben  no  part  of  Lbu  u&«l  or  west  bouudariea  can  bo  ran, 
boUi  north  and  ftniitb  l>ouiidnricn  will  be  e^tabli^bed  as  true 
lines.  Allowance  for  tlic  coavci'gcDCT  of  meridians  must  he 
uiude  wbcQcrer  ueccitsary.* 

All  letters  nod  figures  ent  in  posts  or  trees  miiat  iMi  marked 
over  with  r«il  chalk  to  inuke  tbcm  still  mure  plain  and  durable. 
Townsliip  romera  rotnmon  to  four  tn^nsbips,  and  section  oor- 
ncnt  coiDtiioii  to  four  scdinnH,  are  to  lie  set  diagonally  in  the 
eartli,  with  tli«  angles  in  tbe  direction  of  tbc  liiics.  AU  uUht 
corners  are  to  Itc  set  square,  with  the  sides  facing  the  direction 
of  Iho  lines.  The  aizcs  of  wooden  ptMits,  mounds,  and  piU, 
iiotL-il  iti  fdicgoing  descriptions  of  conirrs.  arc  to  be  regarded 
as  iititiimitm,  and  wLciiever  practicubtv  to  imrrcasc  (lieir  dimea- 
rions,  it  Is  desirable  to  do  so.  In  establishing  comers,  atones 
should  \k  nsed  whenever  practicable ;  then  posts ;  and  lastly, 
inotinds.  with  Hiske  in  pit. 

It  is  expected  that  deputy  surveyors  will  CBrefiilty  read  and 
faiDiliarize  tbomselvea  witb  these  instructions,  and  all  otiiers 

*S«e  Tsble  of  Convergmcr  of  UerldUm  ii  end  of  chapwr,  ud 
•SXJiianalior  of  niitno. 
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couUtned  in  ttiU  volume,  nnci  trill  iimtnict  ttivtr  tiftsintntits  M  to 
their  <Iiitiee  before  cumiiieiicing  work.  Extru  cnpi<>H  wilt  be 
furnifibed  the  (kpiiticf^  for  the  uae  of  tboir  OMistuubt. 

361.  Standard  (liiarter-Seotioii  Cftrnen  on  staiiUard  Uqcb 
muHt  be  e^tultlinbed  iu  all  reiip(>L'ts  lik«  other  qiiarU.>r-sectioa 
GOTnerSt  witli  the  aiiilition  of  (Sir  liih  rt  S.C.  ;  aud  if  ^lenring 
trees  ara  eaUbliaheil  toi  aiicli  ■  unn  i^.  >  :icti  tree  mii»t  he  luurkfii 
S.C.  ^  S.B.T.  Wbfrii  a  pit  ia  dug  at  a  menuder  corner,  it  must 
be  8  links  from  the  corner  on  the  aide  opposite  tbo  rlror  oi-  Ukc 
menndered. 

The  letters  M.C.,  foi  "  meander  corner,"  must  be  uiitrked  on 
Ibe  utie  facing  the  river  or  lake  meandered. 


9S3.  A  Witneu  Corner,  in  adtlttinn  to  thR  mnrkit  ihnt  would 
te'i^ilaoed  upou  the  eunivr  for  which  it  io  :i  wilnt-sii,  must  bnvu 
the  letters  W.C,  and  lie  established  Id  all  respects  like  such 

tflomer. 

P  If  benriQg  trees  arc  eatabtished  for  a  witnese  c<H'ncr.  c&eb 
tree  mnat  be  murki-d  W.C,  in  addttiun  to  the  usual  marks. 

363.  Heanderiof .  Both  hanks  of  navigiiLlu  rivers  are  to  be 
loeaiideriid  by  takliigk!  the  general  courses  and  distances  of  their 
sinuosities. 

At  those  |M>iats,  when  either  the  UiwnRliip  nr  Neetion  lines 
intersect  tbe  banks  of  a  mivi^Kble  sireuin,  coruuTs  are  to  be 
eaiabUabed  at  tbe  time  of  running  these  lines.  These  arc 
called  meander  curttirs:  and  iu  meuiuhrring,  you  arc  to 
commence  at  one  of  these  corners,  <'oiir^ing  the  hnnkn.  and 
meaaaring  the  dlolauoe  ot  e&cli  cuui-ho  from  your  eommonciug 
wnn-r  to  (lie  next  mwtwrfcr  com^-j-.  Bj-  tbe  same  method,  voii 
are  to  meaiirler  Uic  Q]>]K)HiU:  batik  of  tbe  same  river.  Tbe 
croasiog  distance  btffwepn  meander  corner*  on  same  Hue  is  to  be 
Hcertainod  by  triaogulation.  that  the  river  may  be  accurately 
lirotraeted.  Itivers  not  elai'sed  under  the  stiitule  ns  jinvi^iM^f 
but  wbieb  are  well-deflned  n»tnnil  arteries  of  internal  communis 

tion.  will  (inly  be  muandcmd  r/n  one  bank. 
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All  lakes,  ba^rous,  anil  deep  ponds  vrliicb  may  serve  an  public 
fai^JiWRja  of  commerce  must  he  meandered. 

364.  Sorveyiny.  luitial  jioinU,  from  which  the  lines  of  tlie 
public  mirveys  are  to  he  cxU>ndcd,  must  be  cBtal'lislietl  whrn- 
ci'er  nvccMary  under  special  iustriictious,  as  luuy  be  preE»cri F>«(I 
in  each  cane  bv  the  Commissioner  of  the  Gent'nU  Laud  Ollloe. 
The  locus  or  ancti  initial  pointj*  miwt  he  sielecte*]  wiUi  great 
care  and  diii'  considenition  for  tlieir  priMniiu-ncc  aad  easy 
idt'Dtifictitiun,  luid  must  Iw  u»liLl]li»liird  a.(ttruui>mieuUy. 

The  initial  point  having  been  eetabliehed,  the  lines  of  the 
public  eurveyx  nn-  tn  bo  i-xlvnded  llierefrom  us  foltowK: 

365.  Ba«e  Line.  Tlic  ba«o  line  sliall  be  extended  cast  and 
west  from  Mie  initial  point  by  the  n«>e  of  eolar  iustrumeute  or 
trnneito.  iw  mny  bi'  dirciti'd  by  tliP  mirvcyor-gencwl  in  his 
special  written  inninH'tions.  Where  onlar  inslnimentA  are  used, 
the  deputy  muHt  tcitt  said  iualrumetibt  in  every  12  milca  of  line 
rtiu,  h\  tukinir  ifie  liititude.  or  by  uhservatiun  on  tlie  polar  aUr; 
and  iit  tvll  L-asea  where  be  ha^  reason  to  8U|>po«c!  llmt  said  instru- 
ment U  in  «rror,  he  mnst  taho  nn  olMorradon  on  the  p<dar  Hiar; 
anil  il"  err<ir  Iw  Tound,  must  mnkn  tbn  neceasary  eorreeliona 
bffoiL-  pniceediijg  with  bis  nurvi-y.  Tlii;  proper  corners  shall 
be  pfilablialicil  at  eaeli  4I>  and  Hi)  cbnJns.  and  nt  the  tutt-moctioit 
of  tli«  line  with  riveri*,  hikoii,  or  boyou*  that  should  l>e  loeaD- 
dered.  in  nct-nnlaiicn  irith  tiie  instriictionfl  for  the  eftlahliuhmODl 
of  L-orners.  In  onlvr  to  check  errora  in  tiicakuivtuvnt.  two  scU 
of  ehainmen,  operntinji;  iDde|>endently  of  t-ach  other,  must  lie 
employed. 

Where  trniisita  are  iiaod,  the  line  wil)  be  run  by  settiu^  off  at 
the  point  of  departure  on  thf  principal  meridJaoB  a  taiigent 
to  the  parallel  of  latitude,  whieli  will  he  a  Hue  fallini;;  at  right 
angles  to  the  said  meridian.  The  surrey  will  be  eontiniied  on 
tbi^  liuc*  for  twelve  {12}  miles,  biit  the  corners  will  bo  e.ilab- 
Hshed  at  the  pro|>er  points  hy  nfffteu  northerly  froia  said  liw, 
at  the  end  of  each  balf-mik.     In  order  to  offset  correftly  from 
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ttie  tangent  to  tlic  paruUf.').  Uic  deputy  will  b«  guided  bj  the  Uble 
oSft^U  ami  RziintittiH  ounlHiiietl  iii  tli<>  Manual  of  IiiHtnictiuas- 
At  the  aziiuiiLli  uf  ttiu  uitit^viil  i«  vliowii.  Ili»  nii^le  iheiice  to 
tliv  tnie  ineridiHn  at  ent'li  mile  is  rcacHly  found,  thus  iudicating 
the  directJon  of  tlie  offset  line.  Tliv  comiJUtutiouii  nic  mwh  fur 
&  distance  of  12  miles,  nt  tbc  end  of  which  observatiouet  od  the 
polar  star  must  be  taken  for  th«  ]>rujectiou  of  n  uew  tuiigent. 
Thi-  LViDpiitatioim  nre  iiW  upon  even  degrees  of  latitude ;  off- 
«'ls  Tor  iutfrrreniiig  piu-nlk'l»  can  lie  readily  dfttTtnined  by 
interpolation.  When:  uITbl'I  dlntuiiuea  quiLTler-ecetluu  uuruers 
exceed  »0  linka,  tb*ir  direction  to  the  parallel  can  be  deter- 
mined in  like  uiuimcr  hy  itili^i-puliittoii  for  aziniutb.  Wlion  enid 
di«tAiices  are  le^ta  Ui.au  .'id  Hiiko,  interfiotatioii  for  determining 
ihe  distances  will  nul  be-  reiiuired 

366.  Jhincipal  Heridian.  The  prinripal  meridian  nball  be 
rxUmded  iiortli  and  south  fn)m  tlie  initial  |>olnt,  bj  the  uae  of 
Bulnr  inotrunients  or  lrmiait«,  a&  may  be  directed  by  the  mir- 
yeyor-geneial  in  his  special  written  in^tnictiona. 

Where  ftolar  instrinuentH  aria  used,  the  line  will  be  run  tn  the 
Kime  manner  aa  jHPscribed  for  running  tlie  base  line  by  aoW 
in&lnimeuts.  Where  transits  arc  used,  ulwervntions  iii»on  the 
|K>lur  Btnr  nmat  lie  liiken  within  eauli  Vi  uiilce  of  line  run.  In 
addition  to  the  alwvc  general  instructionB,  it  ie  rfqnired  that  hi 
all  coaeM  wbei'e  tbe  eHliiblivbmi>nt  ol'  a  new  prinoipnl  nioridiau 
seeme  to  be  nccerumrr  to  the  survey or-gcueral,  lie  aliall  submit 
the  matter,  togetlier  with  his  reasous  therefor,  to  the  Couinila- 

uer  of  the  Oeuerul  Ijiiid  OHice,  and  tite  survey  of  such  prin- 
cipal meridian  shall  not  be  eommeuwd  uulil  written  authority, 
together  witli  anch  apeeial  InMinctinnK  an  he  may  derm  neces> 
•ary4  »luiU  have  been  received  from  the  Commissiuacr. 

367-  Standard  FnTallelt.  Standnrd  pnrnllcis,  whieh  nre 
also  cnllefl  com.'(-tion  lines,  shall  be  extended  east  and  west 
from  the  principal  meridian,  nt  intervsls  of  every  24  miles 
north  and  south  of  the  baeie  line,  lu  tJie  eame  umuuer  as  pra- 
BCribed  for  running  the  base  hue. 
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Auxiliary  Heridiass.  AnxLliarv  meridians  shall  be  extended 
DOrtli  and  »oulii  froiik  Ok  Imsi-  line,  nC  intcn'nls  of  every  24 
tailed  «ast  and  west  From  llie  principal  meridian,  in  the  ftame 
iniinner  aa  prcacrilwd  for  riiimin)!;  the  principiU  rncridiAii. 

It  in  eoiiteinplal^^tl  thiit  tlic>Ht>  biuif-,  priiidpal  moridiiin,  stnnd- 
Hi'd,  iiml  uiixlUiir^  miTidiau  liiieit  sball  liiitt  be  vxtvudvd  orvr 
tlie  totrltorr  to  he  HiirvKjed,  nnd  thnl  nfu-rwards  township  and 
section  lines  nhail  bo  run.  where  ntxdcd.  wiiliin  tb«8e  tracts  of 
24  milea  (U^imrp,  formed  hy  Uie  oxti^tiainn  of  tJie»c  prinoipnl 
lines;  aod  e&cli  siirveyur-geoernl  will  lliviefore  esuso  said  prio- 
oipal  lines  to  be  csceuded  as  rnpidl^'  aa  practicable. 


368-  Exteriors,  or  TowuBhip  Linei.  The  cast  and  ve«t 
boiiiidii L'it-'ti  oT  luwiiblji{M  uru  uIwuvh  to  \w  run  IVom  soaLlt  to 
north  on  a  true  ineridi-iti  hue:  and  Uie  iiorili  and  Kuntli  buun- 
dariect  arc  to  be  niii  frum  rant  to  west,  or  fmni  w^-M  to  eaitt 
(according  to  tli't;  relation  of  tlw  township  to  be  surveyed  with 
reference  to  prior  Bwrveys) ,  on  a  rtrndom  or  trial  line,  and  oor- 
reutud  back  on  a  true  liuo.  The  distance  nortli  or  uoiitli  of  th« 
towttiiliip  corner  to  be  closed  ti|>oti,  from  the  point  of  interBec- 
tion  of  tliese  I'andom  lines  wiUi  the  annt.  or  weftt  boundary  o( 
tbc  towitaliip,  must  lic^  cnrofiiUy  intaafircd  and  iioU-d.  Should 
it  buppcn,  however,  tliut  sttcli  i-nmloin  line  should  fall  ekorl,  or 
DTernin  In  louglh,  or  intersect  tlie  oast  or  west  boundary  more 
than  (fir«?R  dutius'  distance  froui  the  towui*hip  comer  lliinrcon,  na 
coinpart'd  with  Uic  corrfspondiiig  boundary  on  the  south  (due 
allowance  beiag  made  Cor  coaverfjeucy)  the  line,  and  if  oecea- 
Bary  the  entire  exterior  boumUiries  of  the  township,  ninst  be 
retraced,  no  n«  to  discover  and  correct  tlw  oriw.  In  running 
rnndotn  lines.  tem)H>rary  comers  are  to  lie  set  at  each  40  and 
80  chains,  aud  pcrmancut  cuniers  established  niK>n  tlie  tnie 
line  as  corrected  back,  in  accordance  witli  instroctions,  Uirov- 
Ing  tlio  exc4-K8  or  dolleieucy  on  the  west  half-mile,  aa  proscribed 
by  law.  PerioRnent  corners  nn'  lo  be  eatalilisheil,  in  aooofd- 
ance  with  instructions,  on  the  enHt  and  west  lownfthip  boaod* 
oric*  at  the  time  they  are  to  be  run.     Whenever  practicat)le. 
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the  township  tines  within  thnsR  tracts  of  2-1  mileit  !>[]uare,  must 
be  «m-vfjfwl  in  rci-iilar  oixlur  from  soulk  to  north;  i.e.,  Uie 
exterior  boutKljirie:^  of  tlie  towD8)ii]>,  in  uiiy  uuc  raiiKt'  h'^oR 
immediately  north  of  Che  south  boundary  of  euch  tract  of  '2i 
miles  square,  niiittt  flntt  bo  Hiirvvvi'il.  ami  the  cxtvriui-ii  of  the 
other  three  townshijM  in  ssid  range  exiendiKl  tticrclVoin,  id 
regular  order,  from  »outk  to  north  ;  and  it  ia  preferable  to  iiur* 
rcT  first  the  entire  mugu  of  towiiahips  in  such  tract  adjoining 
the  east  boundary,  or  adjoitiing  the  weet  bountlarj,  and  the 
otlier  tiir»e  mngee  in  rogiilar  sequence.  In  easee,  however, 
irbere  the  rhnnu'ter  of  thn  Iniid  t»  such  that  thltt  rule  cannot  b« 
con3|iUcd  with,  tht-  following  will  be  obsrrved.  In  extending 
the  Bonih  or  north  buundnrie^t  of  h  townflhip  Lo  llie  toead  where 
the  9ovithKf9t  or  northeast  corneni  cannot  be  eBtabliabed  in  the 
regular  way  by  ninning  a  north  arid  «oiith  line,  aiich  buuiiilurioii 
will  be  rnn  tcfxt  on  a  trup  line,  allowing  for  coovei"peney  on  the 
weat  bttlf-mik- ;  and  from  the  township  comer  estahli^iheil  at 
tlie  end  of  such  boundary,  tliu  v[v»l  buuudnry  will  Un  niu  itarth 
or  wmlA,  n»  the  ca^e  may  be.  In  extending  »vuth  or  North  of  a 
township  to  the  ea»l,  when?  the  soiilheagt  or  nartheaxt  corner 
cannot  be  ectablishod  in  the  regiilnr  wny,  lliv  same  riili'  will  be 
oljMrved,  except  Ibat  snch  boundaries  will  be  run  t*iM  on  a  trwe 
line,  and  the  nut  buiiudary  run  norlK  or  south,  lut  the  cise  may  bo. 
One  set  of  chainmcQ  only  is  required  in  running  township  lines. 

969-  Ketliod  of  Subdividing.  The  flmt  mile,  both  on  the 
flootli  and  east  boundaries  of  each  townslu])  you  are  rc4|uired  to 
snbdiTkle,  ia  to  be  carefully  traced  and  lueaaui'ed  l^cfore  you 
enter  upon  the  »ubdiviMion  thereof.  Thii;  will  enable  you  to 
ohHervo  any  change  that  may  hnvo  taken  gdncc  iti  tlie  magnetio 
TariaLiou  au  it  exi)it«d  at  the  time  of  running  the  townithip 
liars,  and  will  aleto  enable  you  to  eonipnic  your  ihutDing  with 
that  upon  the  township  lines. 

Any  discrepancy*  arising  either  from  a  change  in  the  magnetic 
nuiatiou  or  n  difference  iu  measure  is  to  be  cnrcfhlly  noted  in 
the  Held  aot«a. 


PUUC£  Sl'KVRTUEO. 


Jwt  foand  vin  ivtnn  tk«  ualtM  bovadiiY  of  iha  towasUp. 
500  viO  eouMcan  t  tbt  eonacr  to  SeetiotM  S3  md  M,  00  the 
•oath  boomfaiy,  and  nm  a  Eae  panlM  to  the  nage  lioe,  40 
duia*,  to  the  qiiarter-«eetiaa  oofBcr.  whidi  joa  arv  to  eKtabUsli 
between  Scctiow  S6  «ad  M:  MstiDiinf  oa  Mid  coarw  tO 
duuo*  farther,  jm  will  MtaUiata  the  cofaar  to  Scctiocu  3.S,  36, 
SS.  «ad  S6. 

FrotD  tba  aactioii  oonwr  bat  uained.  nu  a  ramdom  line,  with* 
oat  liUziogf  dM  etH(,  for  Uw  cofser  of  Mdioaa  33  aad  36.  on 
•act  boaiidmnr.  aiMl  at  40  efcaina  ttom  the  startiBg-pouil  »ct  a 
port  for  teMpnrar])  qoariar  ■actfcia  cornof.  If  yvo  tnU-rscd 
exactly-  St  the  corner,  jvm  wiU  blaze  yoax  raodain  lino  back. 
and  MlitiUti  it  aa  tbe  true  lioe  :  tnit  if  jour  nukdocn  line  inter* 
•ecu  the  aaid  eaat  bonndarr  citlicr  Duttb  or  WMttb  of  said  coriMr, 
yoa  triU  measarc  Uic  diataijce  of  ftocfa  iot«rft«ctiot),  from  wbidi 
joa  will  cflloolate  a  course  thai  will  ruD  a  Iru^  lino  taok  to  tfae 
comer  fruio  which  your  midom  suited.  You  wlU  oslabBsb 
tbe  ptmanent  qaartcr-^ectioa  corner  aS  a  point  equidiatsnt 
froin  ibe  two  UtmiDstioBs  of  tbe  true  line. 

Froio  the  comer  of  Sectioos  35.  36, 35,  uid  36.  rtin  due  oottb 
bctwevD  Section*  ii  and  26,  setting  Ibe  quarter^ection  post,  a» 
before,  at  40  cbains,  and  al  M>  clialus  oatabUahlng  tbe  comer 
of  SedioQH  23,  24,  25,  and  26.  Then  ran  a  random  tlat  mil 
for  tbe  comer  of  Sections  24  and  25  on  east  boundary  ;  sftting 
tcmporarr  (|uartcr-»ection  ikwI  at  4'J  cbaius;  corrcctiog  back, 
and  eatabiJAhiDg  ptrman^it  quarter-secttoo  comer  at  the  <^Di- 
(ItaUnt  point  on  tite  tmt  line,  in  tbe  manner  directed  on  tbi! 
line  between  SecUoiia  25  and  3r>. 

In  this  manner  ;oa  will  procec<l  with  tbe  tfurreir  of  eacfa  auc- 
OBUJre  section  in  the  fir»l  tier  until  vou  airire  at  the  north 
bonodary  of  tbe  township,  which  you  wilt  reach  in  ninning  up  a 
random  line  betwevn  Sections  1  and  2.  If  thia  raodom  line 
should  not  iutcrwct  at  the  corner  ctttaMisbed  for  Sectiotia  1 ,  2, 
35,  niid  3<>.  upon  the  township  line,  you  will  note  (he  dlstani-e 
that  you  full  ea«l  01  west  of  thu  same,  from  which  distance  yon 


I 


BUttVKV  OF  THE  PITBLIC  LANDS. 


SIS 


will  calculate  a  c«iir»L-  Uiat  nill  nta  u  true  line  soulb  to  thu 
comer  from  which  yoav  ranilora  BtarteU.  If  tlie  north  bouudary 
of  a  towDship  is  a.  biise  or  8luti(.lurd  Lino,  tliv  liuo  Ix-twoeu  Stfctions 
1  and  2  Is  lo  be  nin  north  as  a  trua  line,  aod  tlic  closing  comer 
establiahMl  at  the  point  or  iutersi^rtion  with  Hiirh  hast  or  Btaad- 
anl  Hoc;  aud  in  nuch  cu»e,  thu  tliHtnucv  frmn  miid  closing 
comer  to  the  uearest  ftectiou  or  <)uartcr-8ectioti  corner  ou  fluch 
iNwe  or  standard  lino  must  be  careftiUv  iiitmsnred  and  noted  a$ 
a.  "  connection  line." 

In  like  manner  proceed  with  thf  survey  of  cacli  BuccewtU'C 
tier  of  8«ctiontt  until  you  arrive  at  the  fifth  tier;  and  from  each 
seclioQ  corner  wbieh  you  establieb  upon  tttia  tier  you  are  to 
ran  random  hups  to  the  correaponding  rorners  C8tnhli«hed  upon 
the  range  line  forming  the  weaUrn  Ixmndary  of  the  township ; 
aetliiig  at  you  proceed  eiich  tcnqtomnj  t]uftrier««eL'tion  comer 
at  -lit  cbainH  from  the  intciior  ncction  corner,  eo  a^  to  tlirow 
the  exce«j»  or  ttellcicncy  of  meiwurerocDt  on  tijc  extreme  tier  of 
quarter-iectionB  contiguoas  to  the  township  boundary ;  and  on 
returning  establish  the  true  line,  and  establisli  lliereon  the  per- 
maturat  ciuurtcr'sei;tiou  curijcr. 

It  is  not  required  tliat  tlie  deputy  shall  complete  the  surrey 
of  the  first  tier  of  Bection«  from  north  to"  south  lj4^forc  commonc- 
ing  tbc  survey  of  the  second  or  nny  sutwequent  tii?r,  Ijuc  the 
ooroer  on  which  the  random  tine  closes  luust  have  buen  pre- 
viously establit<hed  by  nmniu;;  tlie  liiK-  north  <m)  w)iii;1i  it  is 
est&hlishedi  except  ns  foliowM ;  nher«!  it  is  impracticable  to 
establish  such  section  corner  in  thi;  regular  mnitnor,  it  inuy  he 
estoJiliahert  by  running  the  eoitt  ami  wchi  Hue  ea»t  or  ire>u,  as 
the  caM  may  W,  on  n  t<ni.t  tine,  sctLing  lUv  <)uarier-»ectioQ 
comer  at  4<t  clin.ti)8  and  the  spctiou  comer  nt  HO  chain». 

Qu&rtvr-seciiun  corners,  both  u|»ju  north  and  aouUi  and  upon 
eodt  and  west  lines,  are  to  be  t'staMislied  at  a  point  "  cqiii- 
distani'*  from  tbe  corrL-HpoiHlini:;  section  corni-rs,  e-Tve/it  ujKm 
the  llncHL-rossiug  ou  the  nordi  and  west  buiicKUries  of  lite  towii> 
ship,  aad  in  those  sitiuitions  tlie  qnarter-Hcction  coiners  will 
always  bo  established  at  precisely  40  chains  to  the  north  or 
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west,  afi  the  cflse  ma;'  be,  of  th«  respective  section  ooroers 
rroni  wlik'h  thtwe  liiio*  ivsiK^elivt-ly  stnrt.  hy  which  procedure 
Uie  exc«sB  or  doHcioncy  in  th«  iticasiirpmciits  will  be  UirowD, 
BLtJorduig  to  luw,  UD  Uiu  extxcunv  tier  of  quurtor-scctious. 

37Q-  Prescribed  Limits  for  Closing,  uid  Len^  of  Linei  in 
Certain  Cases.  Kvnry  nor Ui-niid -south  aection  line,  except  those 
term  inn  ling  in  tbc  iiortU  liouutlax/  of  tlu-  towusliipi  must  btr  80 
chuina  in  leii^tli. 

The  uaat-auc)-w«)!t  section  linf4,  except  tliMo  tvrniiostiDg  in 
the  vest  bi>iin(lnn>'  of  llio  townKhip,  arc  lo  be  within  Kl)  link*  of 
the  Bcttml  distance  eKtabliitbeil  uu  the  aoutb  boumlary  line  of 
tim  lownitbip  for  ttie  width  of  sikid  tier  of  BectioDS,  nnd  must 
cloae  nitliiii  HO  links  iiortli  or  sonth  of  the  section  comer. 

The  north  bontidnry  and  »outb  boundary  of  An;  one  section. 
exn'pt  ill  the  extreme  westeni  tier,  ore  to  be  witbia  811  Uida 
ol'winnl  lungt)]. 

The  iiicuaders  within  each  fractionnJ  eectiont  or  belween  two 
mennder  ])o»ts,  or  of  nu  tslunil  in  the  interior  of  a  section,  must 
clo»e  witbiu  1  cbnin  mid  M>  liukit. 

In  rnnaini;  random  township  exteriors,  if  such  random  lines 
fiill  Rtiort  or  overrun  in  length  or  inlt'rseet  the  ensterii  or  west- 
ern Ijunniliiry,  us  the  ense  may  lie.  of  the  towntthip  ill  more  ttisa 
3  rhaitin  north  or  sotitti  of  the  tnic  corner,  the  liucit  tnuttt  bu 
retrtKfd,  even  if  found  ncccswarv  to  meUKm-c  the  meridiond 
boundxries  of  the  tuwtiahip.  Uue  set  uf  cbaiumen  only  U 
re(|ULred  in  fcubJividiug. 

371.  Subdiviaion  of  Section!.  Under  tho  provisionii  of  tlie 
let  of  (.'fingroBS  approved  Vvi>.  1 1 ,  1805,  the  (-ourse  to  bt?  pur- 
sued ill  the  sutMiiviMtun  uf  HL'«-tioiiH  is  to  ruu  HLruight  liues  (roDl 
the  *ftabl(])hed  qunrter-seclinn  corners  —  United  Stales  surveys 
—  to  the  opjMmite  correapomlinu  comers,  nml  llii-  (wint  of  inter- 
scetiun  of  llic  line»  80  run  will  be  the  corner  cuinmoa  to  tho 
several  quarter-sections;  or.  in  other  woixla,  the  Icf^l  centre  of 
the  »eoli'in. 


Id  the  Rubclivision  of  fractional  quarter-sections  wSierc  do 
oppiMilu  com-^iioiKluig  evctioiis  liave  bccii  ur  ciui  bv  fixvd,  tin: 
subdi%idioD  Uaes  Bhould  be  asctTtained  bv  ntaniag  from  tli« 
estAblished  ooiii«r8  tlue  north,  south,  t.>]i«t,  ur  w(.»-t  Hues,  as 
tlie  case  maj  be.  to  the  wAteifoiirs^,  Iiiditiii  IxtHiidary  lini.-,  or 
other  external  bmindaiT  of  siicb  fructionul  auction.  Tlie  law 
[>n.'i(u|)potie«  tbe  aectiuii  liuvs  surveyed  luud  marked  m  ttiv  fivid 
by  the  United  States  dc]»iity  eiirveyora  to  be  duo  Dortli  nud 
•outb  or  eattt  and  we».t  liiieit,  but  in  jK^iiinl  cxperieuce  tliiw  ii.  not 
always  iba  case  ;  hence,  in  order  to  carry  out  the  spirit  of  tlie 
law.  it  will  fjc  MfCL'Ssary  iu  runniuK  the  subilivialoual  Hnca 
throagh  fractional  scctioaa  to  adopt  mean  cou»i'd  wliuru  tbe 
aedion  lines  ilto  not  due  lineK,  ur  to  run  the  subdivision  line 
panllel  to  the  section  line  where  tbere  I*  no  opiKtsile  sei'tlon 
line. 

Upon  the  llnej^  dnHJn^'  on  ttic  nonli  and  webl  l»ounilaries  of  a 
township  the  quarter-section  corners  arc  established  by  the 
United  Statt-ii  rit'piity  nurveyora  nt  pmHsely  40  chains  to  the 
north  or  west  of  Hm  last  interior  neetion  corners,  and  the  excess 
or  deficiency  in  the  usL-UHurciucnt  is  thrown  on  the  outer  tier  of 
lota,  as  per  act  of  Coiigrew  approved  May  10,  1800.  In  tbe 
stibdiiisioD  of  quarter-sections,  tbe  quartor-quarter  corners  arc 
to  be  placed  at  point«  ec^iiiiliHtJint  liotwfrii  ilio  »ectiuu  and 
quarter-seetion  corners,  and  between  the  quarter  corners  and 
the  common  centre  of  the  sei^tiuu,  tfxcefit  on  tliL-  last  half-mile 
of  llw  lines  cloning  ou  tbe  north  or  west  boiindiinea  of  a 
township,  where  they  should  be  placed  nt  20  chains,  propor- 
tionate measure  in  on  t.  to  the  north  or  west  of  the  quarter- 
sei-lion  comer. 

The  subdivisional  lines  of  fractional  qiiarter-sectious  tthoutd 
be  run  from  ^toiuts  on  the  section  lines  latcrmediatc  between 
the  sectjon  and  i|iinrter- section  corners  dnc  north,  Month,  cast, 
west,  to  the  lake,  watercourse,  or  reserTBtion  which  renders 
Qch  Irscta  fractioaal. 

When  Uiere  are  doiihle  s.et«  of  aecllon  comcni  on  township 
.  range  lines,  tlic  quarter  corners  for  the  sections  south  of  tbe 
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towDhliip  lines  &nd  »u(t  of  the  range  lines  ar«  not  e8ta1>tisbe<l 
iu  the  BfUl  by  the  Vnit-jd  Statis  .iitirvcyors,  htil  iu  sulidividiiig 
siicli  tiectioDS  Miic)  quarter  conioni  aiiouUl  be  no  plnceil  ns  to  kiiU 
tlie  coVctiJcUiofK  o/  the  aretia  o/  the  ifuurter'»fctiOH*  ai^'oiHiny  (A« 
ImciiMp  hfiundnries  9»  ex|)resae(l  Ufion  Uie  official  plot.  iKlopt- 
ing  proimrtioiiate  measarcmeDts  whcro  Um  prasent  tneasuro- 
meattf  of  the  north  or  wcat  luMindiries  of  the  •ectioii:;*  differ 
from  the  onginal  measunuuentit. 

372.  Be-eBtablishment  of  Lost  Corners.  The  original  cor- 
nei'At  ^li<-'U  UiL-v  vhii  Ik-  fuuudi  iuiii»t  otuud  an  thv  truu  coriirnt 
they  wore  inlemtcd  to  represeut,  even  tboUftU  not  exactly  when; 
(ttricC  prufus^iuutil  ciu-e  uight  liave  placed  tbeni  iu  tlie  Brat 
in»tiiuco. 

Aft  ban  lict^n  olwcrvvid.  do  cxiatiojj  origiuiil  corner  caa  be  (lie- 
turK*(l,  and  it  will  be  plain  tbat  any  exceaft  or  d«ftci«ocy  ia 
menauretiKMiU  bt'twiwu  exiatlng  coruont  eanuot  ia  auy  degnw 
affect  tbo  di^tancea  bv^ond  Raid  exiiiting  corners,  but  inual  be 
added  or  subtracCpiI  proiHirtionatcly  to  or  from  the  inter^aU 
embraced  between  the  L-orucns  which  arc  etill  etnoding. 

373-  Bvmnary  of  Objects  and  Data  required  to  be  Noted. 

Thv  precipe  leii;;th  of  pvery  lino  run.  noting  all  nt-o^tuisry  iifl- 
eeU)  therefrom,  with  tliv  reasou  uiid  mode  tticroof. 

Ttiu  kind  iLiid  diariif^ter  of  nil  beanny  trett,  with  the  course 
and  iliHtttnce  of  the  Hame  from  their  ro«p«ctive  ooroere,  and  tfat 
preetse  relative  [Kioitioit  of  witufn*  comers  to  the  Irne  vjirHers, 

The  kind  of  inat^ rinU  of  wbirh  comers  arc  couHtmctcd. 

Trees  OH  thit.  Tlic  niimi;*  diumelGr,  aud  di&taiice  on  line  to 
all  trecit  vrbii^U  it  iuti:rrB«<:ta. 

iQterseutionH  by  line  of  land  ohje*xa.  Tbo  distaoco  at  whkb 
the  line  first  ititerftf>ebt  »u<l  Llien  leavea  every  Mttler'x  dtum  and 
imjirovfitrwnts ;  pmiric.  river,  cn-ck,  or  oilier  "  bottom  "  ;  or 
fiwnmp,  manbt  grove,  and  wiudfnll.  with  tlie  course  of  the 
same  at  liotli  iK>iiite  of  intersection  ;  also  the  distaocM  at  wbkb 
jou  begin  to  ascend,  nrrivo  at  the  top,  begin  to  deeccad,  and 
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reach  tlie  foot  of  all  reninrkiiMe  hilln  an<l  ridges,  with  tlieir 
«Kirso9.  nnci  fMimatM  livifrbt,  in  fet-t,  ahow  the  k-vul  Iiiml  of 
Uie  aarrouiKtiu^  country,  or  nbore  tlm  bottom  lauds,  rttviQeet 
or  wmtore  nwir  whicli  thoy  are  sitnntod. 

tntentectiou  by  line  of  ica/pr  fthjeetn. 

All  rivent.  trwk't.  aac]  Hinatlvr  sireanifl  of  water  wbicb  tlie 
line  cru»8es  ;  ttie  diittaticus  oti  liii<>  nl  \.\k  |K>iutA  of  liiteracctloit ; 
ami  tbeir  «ci(//A.<i  •>»  line.  Iti  ca«o»  of  naftgti&Ie  fttreams,  their 
width  will  ))<>  t)sr>-itmno(l  between  the  mettncfei*  comcrji,  as  set 
forth  under  \\w  pru|>er  ItPitd. 

T)i«  land'H  surfitiit  —  'ndiL-tlicr  lovel,  rolling,  hrokea,  or  hilt;. 
I     The«)il  —  whether  flret,  aet.'onti,  third,  or  fourth  rate. 

Timbfr  —  the  ftcvciiil  kindR  of  timber  and  andergrowth,  in 
the  order  in  which  Lbey  iMvdoiiiiuHle. 

Boltom  laniU-^Xo  l>o  described  as  wet  or  dry;  aod  if  sub- 
ject to  inundntion,  state  to  what  ile|ith. 

Spring!  w/'  viater — wlu-tliur  fresh,  saline,  or  inincrul,  with 
the  coarse  of  the  atrcam  flowing  from  theni. 

hakea  and  jxtniia  —  dL^smbing  lUoir  baiikii  ftuJ  giviuu  their 
height,  sod  ultto  depth  of  wnli-r,  nud  wlieiher  il  bu  |>uru  or 
atagnaot. 

ImpnrtxtHcntt — towua  aud  viUnfivs  :  hou&vB  or  cabins ;  fields, 
or  other  intitrorements:  eugnr-trce  gvovea.  sugar  cninps,  mill 
BCatB,  forges,  and  faetorics. 

Coal  banic  or  Itpd^  ;  j^nt  or  litrf  grniinds ;  mineraln  and  orea, 
with  particular  dt^Hcriptitin  of  the  siimc  an  tw  quality  and  extent, 
kod  all  diggingn  therefor;  also  mlt  flpringa  and  licks.  All 
reliable  informatioii  you  cnii  obtain  reinptieting  theue  objects, 
nbother  they  be  on  your  immediate  line  or  not,  is  to  appear 
on  the  general  deacnpliun  to-be  givL-n  at  the  end  of  tlie  notes. 

Roads  and  tmih,  with  their  directioiict  whciict;  and  whither. 

Kapida,  cataracts,  cascades,  or  falls  of  water,  with  the  esti- 
mated height  of  their  fall  Id  feet. 

Precipices,  caven.  sink  holes,  rnvines.  stone  quarries,  ledges 
of  roclu,  Willi  the  kind  of  atone  ihuy  alfurd. 

yaturtU  eurioeitiei:  itiu-reatiiix  foauib.  petrif actions,  ot^anic 
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rcmftiusi  etc.  {  also  ftU  ancient  works  of  art,  3acb  as  moands, 
fortilicntionB,  embaakmeats,  ditclies,  or  objects  of  like  nature. 

Th«!  variation  o(  the  iicodio  mnal  be  noted  at  all  points  or 
places  on  thp  lines  whore  there  in  found  any  mnterial  cAangt^ 
of  vuriutiun  ;  »iiJ  thu  pusiUoua  of  suda  i^ointa  muet  be  jwrfecUy 
idetitinal  ill  the  notes. 

Desidee  the  orUtaary  notes  taken  on  line  (and  which  muftt 
Always  be  written  down  on  the  spot,  leAving  nothing  to  be  sup- 
plied by  memory),  the  deputy  will  Huhjoiu,  at  the  conchisioa  of 
his  book,  BiiL-li  further  description  or  infornialioii  touching  any 
matter  or  thiag  coiin«:t«(l  with  tlie  t^iwnship  (or  otbei-  tturvey) 
wliicb  he  may  be  able  to  afford,  nud  may  deem  iiccful  or  ueces- 
Bary  tu  be  known,  with  u  geneml  descn'iition  of  tlie  townsbip  Id 
th»  arjfirvgate,  iis  ri-»pt('ls  the  f.tce  of  the  wuntry,  its  soil  nod 
geological  features,  timber,  loinerals,  watersi  etc 
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374.  Spedmen  Field  Votai  of  the  mrvey  of  th«  Third 
Slaiidaril  1'itr.t) li-l  XorUi,  ihruugb  Itnuge  No.  21  east,  of  the 
liriticipal  base  nnd  meridian  in  the  Territory  of  Mootana,  as 
siirvi'yed  by  James  Pagfii  U.  S.  Deputy  .Surveyor. 

On  tlic  uiifht  of  Aujni^t  'i'i<  1880,  I  took  obserration  on  Uie 
star  I'olaria,  in  accordance  with  ttuitraotions  contnioed  in  the 
**  Mauual  of  Sun'Oys,"  and  droi'c  pickets  on  the  lltic  tlius  ostab- 
liahed. 

Survey  commenced  August  28,  16B0,  with  a  Bart's  Improred 
Solar  Compass- 

Jieroi'e  (joiiiiimDL'itig  this  tiiirvey,  I  teat  my  coinpasx  on  tb« 
litiu  tnsUibliHb»rd  laitt  iii^lit,  and  Hud  it  correct.  I  tie-in  at  tlie 
standard  corner  to  townshiiw  13  north,  ranges  20  and  21  east, 
which  is  a  poHt.  4  indues  nqnare.  marked  : 

S.f..  T.  13  X..  on  N. :  R.  il  E-,  S.  8X,  on  E. ;  and  E. 
30  K.,  S.  i(*,  on  \V.  fnceti,  with  6  notolKs  on  X.,  K.,  and  W. 
T»cm,  nud  |)itM  N.,  E..  and  W.  of  post,  G  ft.  dist.,  and  monnd 
of  earth  around  post. 

Thence  I  run 


I 


ST.  15 
40.00 
78 .40 
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West,  nQ  random  line,  betveen  leca.  6  nad  7. 
Ovor  rolling  ground. 
RoB'l  CO  WilliaiuBburg,  wur»e  S. 
Set  tcmporni-y  J  see.  cor. 

Intersect  west  iKiuiuliin,*  of  towns)iip  1  ■'>  1ks.  8.  of  cor. 
to  sees.  1,  6.  7,  and  12,  which  b  n  post,  4  ft.  loog, 

4  ins.  squnre.  inaikcd  : 

T.  6  X.S.  i;  on  N.E. 

R.  .H-1  K.S.  -onS.E. 

R.  33  E.S.  r>on  S.W., 
and  S.   1   on  N'.W.   faces,  with  pita.   18  X  18  X  12 
iati.  in  cflrli  ii«ti..  Tj)  ft.  <Iiat.,  uiid  ntuuud  of  cai-Ui. 

5  ft.  high,  4}  ft.  bHia«,  nroimd  post. 
Thence  I  I'uii 

S.  t19^  d4'  E.  on  a  true  line,  bet.  aeca.  0  and  7.  wtlh 
(tame  Vn. 

Set  a KaDilntoui:.  \ii  X  li  X  3  ma.,  12  ins,  in  the  ground, 
for  \  sec.  OOP.,  mnrlied  J  on  N.  sitlo ;  dug  plu 
18  X  IM  X  U  ius.  E.  and  AV.  uf  utuiiL'  .'^t}  ft.  dintant, 
and  roisird  a  mound  of  earth,  1  j  ft.  liigh,  i)^  base, 
aluog&idR. 

The  cwr.  to  Bcca.  S,  6,  7|  and  8. 

r^nd,  roUiug. 

Soil,  Bandy ;  :!d>  rate. 

No  timber. 


North,  un  a  ruudom  linv,  bet.  sees.  &  and  6. 

Va.  IM"  45'  K. 
Ovor  mllfng  ground. 
S«l  tf  in|MiriLrv  ]  sec.  cor. 
IntcriM'i-t  N.  IwauduSifiL 

to    tCOI^j 

.10  X  U 

one 

ht[lh. 
I 


of  cor. 
ldeton« 

.  at>d 

art. 
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Set  ft  post,  4^  ft.  long,  4  ina.  square,  with  miLrked 

stoiie,  12  ins.  in  the  grouiiil,  for  statitlainl  cor.  to 

8CL'8.  8*J  nnil  38,  marked  : 

S.(.'..  T.  13  N.,  R.  ai  E,,  oa  N. ; 
S-  S8,  ou  E. ;  ftud 
S.  32,  on  W.  facoH.  with  4  notches  on  E.  nnd  2  notc^M" 

oil  W.  fuci'H.  aud  riiiacd  k  luouod  uf  ittuae  2  ft. 

biglt.  41  ft.  basei  around  post. 
Laud,  liigb  and  mountniiioua. 
Soil,  sanilv,  graidlj',  mid  rocky  ;  ■Ith  rate. 
Timber,  jilne.   and    fir,    80  cba. ;    mcwUy  dead  and 

fuUan ;  Kunic  ttuck  uudcrgrowUi.  aame. 


375-  Specimeo  Field  Notes  of  the  buit^  of  Township  No. 
6  north,  Kimge  No.  'M  east,  of  the  principfll  b«ae  and  meridian 
of  Montana  Territory. 


chains. 
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40.00 
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East,  on  random  line,  hot,  «ocg.  &  uid  8, 

Va.  18'  45'  K. 
Over  mlling  ^muinl. 
Road  to  Williaiimhurg.  counM.>  S. 
Set  leiniwrwy  J  sec.  cor. 
Intersected  N.  and  S.  lino  a  Iks.  N.  of  «or.  to  sees. 

4,  5,  8.  aiid». 
Thence  I  run 
N.  8!)"  .16'  W.  on  true  line,  bet.  aeos.  &  and  8,  with 

same  Vn. 
Set  n  |>oMt  3  ft.  long,  3  inn.  oqiiarn,  with  marked  atone. 

li  ins.  ill  the  ground,  for  J  sec.  cor.  marked  j  S. 

on  N.  fiice  ;  dug  piw,  18  x  18  x  U  in».  E.  and  W. 

of  post  ^j  ft.  dist.,  and  rnitsi-il  a  uioimil  of  eurthi 

]  J  ft.  higU,  3}  ft.  Imee,  around  po8t. 
The  cor.  to  oeca.  5,  6,  7,  and  8. 
Land,  rollhi);. 
8(iil.  hamly  ;  2d  mtv. 
No  timber. 
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27.1& 
40.00 
78.40 


78.40 
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Went,  on  random  line,  between  sees.  C  iiud  7. 
Over  rolling  ^muiul. 
Road  to  Wtllinin^ltui^,  conree  S. 
Set  temporaiTf  \  ave.  evr. 

Intersect  wEbt  liuiiiiilnry  of  township  15  Iks.  S.  of  cor. 
to  sec«-  I.  fi,  "■  and  12,  wliicb  \m  a  poet.  4  ft.  long, 

4  inB.  square.  iniLrkitl: 

T.  6  N.S.  «  on  N.E. 

R.  34  K.S.  7  on  S.K. 

H.  33  E.S.  12onS.W., 
BDil  8.  1  on  N.W.  focos.  witb  pite.  18  k  18x  12 
inn.  ID,  vncb  sec,  ■'>1  ft.  tliul.,  and  tuoutKl  of  eaiUu 

5  ft.  higlii  4}  (t.  base,  nruiind  iKWt. 
Thence  1  run 

S-  89*  54'  E.  on  a  tnie  line,  bet.  sees.  6  and  7.  witli 
snme  Vn. 

Set  II  Hundatone,  14  x  14  x  3  Lne.,  li  Ins.  in  tb^  ground, 
for  }  HOC.  cor.,  marked  J  nii  N.  Bide;  du^  pits 
IS  X  IX  X  12  iiw.  K.  niui  W.  of  stoiu-  SJ  ft.  distant, 
and  i-nUcd  a  mound  of  eartti.  1  j  ft.  bijib,  3}  base, 
nluu^Hiili;. 

Ttiv  cor.  (o  aeoi.  5,  6,  1,  uad  8. 

I^And,  rolling. 

Soil,  sHiidy  ;  :!d  rate. 

Ko  timber. 

North,  ou  a  ruudoni  line,  bet.  sees,  it  und  6. 
Va.  1«°  45'  K. 

Over  rolling  gruiiiid. 

Set  lein[»i)rary  \  sec.  cor. 

Intersect  N.  bonndarv  of  township  'iO  Iks,  F,  of  cor, 
to  itcc9.  5,  6,  31,  and  3'J,  wbivh  ii  0.  sandstone 
30  X  12  X  6  ias.,  marked  wltb  5  notches  oo  E-  au4 
one  iintoh  on  W.  i>dg(>s,  und  mound  of  atone,  S  ft. 
Ititrb.  4}  ft.  base,  aloogsidt:. 

Tlience  I  run 


376.    Ill  ]trojc>cting  Rrcs  of  n  (rr^nt  circle  It  Is  of  (tie  utmost 

Imporlntii-i!  that  the  surveyor  t«*  Me  to  tell  the  inclination  of 

the  nicridiaiift  fur  uiiv  latilutU'.  sad  for 

^  nny  diatfioce  of  enstiiigs  or  westings. 

In  the  foUowiog  figure,  let  llie  two 

arm  AG  and  BO  b«  tn-o  arcs  of  a 

Q  quadrant  of  tlie  meridian  1°  of  loit^* 

tudf   iipart.      Ixit  AB  =  1iie  arc  of   1° 

P   of   lougLUde  on  tbe   cqnator  h  60.16 

tnil^s. 

I*t   I)K  bi>  nn  art-  of  longitmli?  on 
any  imialltl  of  lalitutlt^.     AUo,  let  EH 
niid  DIJ  lie  tbc  luiigcnls  of  those  nw- 
^   ruliAiis   lueetiug    in    tlie    cartti'B   aziB 
proilncoci,  and    corresponding   to   (be 
I)ai-n.llel  of  latiWide  OE. 
Then  the  line  EF~DF=i:o%  L=con  AD  or  BE.     Also, 
tbe  nuglc  OFE  =  1%  and  the  angle  />//£'  —  Uie  iui-linatiou  of 
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*  Hum  utidn  on  the  inclination  and  MnTcrgcncf  at  meridiaiii,  and 
Hm  tabis  calculat4'<l  in  accordanoe  iln-n^nitli,  nrt  luhttantlaily  ilioee  flrai 
In  llic  1080  cAiikloKU'^  of  mgfaiMn'  and  lurvi-j-ar*'  iDaUiuneiiU,  bf  BnS 
anit  Bvrger,  Ito*ton,  Mau. 
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meridians,  wtiiph  ia  the  augle  wc  wiah  to  Bud,  aud  which 
Wk^  will  rcpr«««at  by  X°.     And  because  the  two  triaaglea  FDE 
and  IfffK  are  on  tho  luiinp  bane  EO,  and  ImwcuI^s,  their  vertical 
•tigle«  vary  invetxelj'  as  their  sides ;  and  we  have  the  equation, 
VxKF=X°y.  EH. 
Bat  £F=  IMS  L.  aud  EJI  =  cot  i ; 

X"cotL=l'coaL, 

ifscosif+cotif^Btn  L.  (a) 

That  ia  to  §ay, 

Tft*  indinntion  ofthf  vieridianx  for  an}{  difference  of  tongitudt 
varies  aa  tke  titif  v/  tke  latitade. 

Since  the  siue  of  the  latitude  in  the  inclination  in  decimal! 

■of  a  di'jircc.  for  odl-  dfjirct-  of  lua|i;itiidL-.  if  wc  multiply  l>y  SflOO" 
ve  »ball  have  the  iiicliuatiou  ia  secoads  of  arc.  llivn,  if  we 
diride  tbia  by  the  number  of  milea  in  one  degree  of  longitude 

Ion  tliat  Inlitudc,  we  Hhall  liiiv«  the  luclinaUou  due  to  oue  mile 
DD  ttuiC  parallel.    Thus,  for 
UtiUidt'  43' log.  Bin  =  9.833783 
Multiply  by  S600" u    =  3.&5C3Q8 


8.SS0086 
IKride  by  !;O.CCia.  =  1°  long,  on  that  L,  log.  —  1.704682 

4fi.46"sB  inclination  forone  mile  of  loiiz.  1.68.H04 


;  inclination  for  one  mile  of  long. 

Thf  ux  of  tftf  incUttalirm,  as  found  by  tlic  |»TPc«litig  article, 
lb  lo  show  ttic  surveyor  liovr  uiiicih  lie  unisl  dufluL-L  a  liuL-  of 
snrvey  from  the  dae  east  or  west,  to  have  it  meet  the  paridlel 
at  u  giT«u  diHtaiiee  from  Ilio  iiiitiiil  {xiirit  of  tliu  nun'ey ;  fur 
it  will  be  rfiiiomliercd  tli.-it  a  [inralli>l  of  Utitudo  Is  a  cnriv 
baviog  the  conine  of  the  latitude  for  iti  radius.  And  the  line 
due  eart  or  wst  i»  the  tnti);i'nt  of  the  eurvc. 

Tbtw.  on  I»t4tiidv  4'"!',  it  ia  deeiivd  to  [imject  a  six-mile  Line 
went,  for  the  Boutherly  line  of  n  towiiiil]i[), 

Renwuiberiu^  tliiit  in  uti  iHOMOflo^  tri»n(;lc  the  nngh;  nt  the 
baae  is  less  than  a  right  angle  by  /tnlf  the  ntiyk  at  the  vf^rtex, 
deAect  a  Unc  towarxh  the  pale  by  thv  incliitation  duu  to  three 
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mileg,  —  or  in  this  case  48.46"  x  3  =  2'.2d"  ;  i.t.,  d^edion  = 
}  i7idinalion. 

The  tnble  on  next  page,  irbicb  iras  comi>utcd  from  U)«  for- 
mula (a)  nbove,  given  Uie  indinatiott  tor  one  mile,  and  forslz 
milt^s  ou  auy  paruUel,  from  10'  to  GO'  of  UtiUide ;  also  the 
convtryeiieii  for  six  iiiilea,  ou  auy  Ifltitiide. 

377.  The  Oonrergency  of  the  HeridUn  b  readily  found  for 
any  giveii  distance  from  the  correepoudiDg  uiclioatioo,  by  raul- 
tiplyiug  tlic  sine  of  the  i&cUuatioa  by  the  given  (Ustanee. 

TI1118,  for  Inlltiide  43°,  Uio  iiit-linallon  for  oii«  mile  is  48.46"; 
the  Hiue  of  which  is  0.000235.  This,  multi^ilitid  by  the  niimlwr 
of  liuks  \a  n  mile,  which  =  8,000,  wc  have  the  convergeDcy  for 
ODe  mile,  =  I.KH  Uuks. 

MuUiplying  this  hy  the  niimber  of  milea  in  a  township,  =86, 
and  we  have  the  conveigency  for  «  township.  =  t»7.(f8  Hulcs. 
Id  thiit  manlier  were  the  couvcrgeudvn  of  tlie  Table  cotD- 
puted. 

376.  SeflectioD  of  Baage-Lines  from  Meridian.  The  second 
voluiiiEi  of  the  Lai>lu  »buws  the  surveyor  how  itmvli  he  must  de- 
flect the  range  lines  between  the  several  sections  of  a  township 
from  the  lueiidinn,  in  order  to  nmk(>  the  oousecutive  raogw 
of  sections  in  a  township  of  uniform  widtll,  for  the  parpose  of 
throwing  Uie  eftects  of  coavcrgcncy  into  the  moat  westerly 
rntige  of  <jiiiirtei'-aeutioH».  agreeably  to  law. 

Thus,  say  between  4;t°  and  oii"  of  latitude,  Uie  inclination  i» 
prnetically  1'  for  every  mile  of  euHtiug  or  westing.  Then,  beu* 
ing  in  mind  thnt  in  the  Unified  StAtes  the  surveys  are  regarded 
»a  projected  ftom  the  eaet  and  south  to  the  west  and  nortli.  iht 
fiur\-eyor  muiit  project  the  Jiral  rangeMM  between  the  eectiotw 
of  fi  township  in  thoae  InlitiideB  1'  to  theUJl  of  th«  mpridian. 

The  BeooDd,  2' ;  the  third,  3* ;  and  bo  on  to  tlie  fifth.  wMcfa 
must  be  5'  to  the  left  of  tbe  meridian  on  the  coat  aide  of  ibe 
township. 

By  this  means  all  the  convei^cncy  of  tKe  township  is  tbroira 
into  the  siMh,  or  weaterly  range  of  aeationii,  as  tlie  law  directs. 
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Tlte  fourtli  colama  i>f  the  table  below  Hhown  llie  amoiiDt  of 
Uiifl  coavergencT.  'I'trm  oihiiiin  i»  iilnu  ust-TuI  m  BulKlhiiliDg 
a  block  of  territory  cmbrati'd  by  two  nUtmlari)  {inrullflH  ami  two 
ffakle  tncridiaas  into  towDBbipe.  Thus,  starting  a  meridian 
from  a  itandanl  jiiu-Allel  on  Intitiide  43°  X.,  for  tiw  wuHtaru 
boundary  uf  a  muge  uf  lowiiBhi)),  —  say  the  fiint  one  wcHt  from 
Ibc  fcuitlc  meridian. — and  ranniDg  iiurtli,  say  four  towoships, 
tbe  sur\'eyor  itiiial  tuakv  a  [loiiiL  Uint  is  «i«f  of  Ibu  six-iuilL-  puiiit 
on  tbe  DortUcrn  standard  parallel,  4  x  67.7  linke  =  270.8  liiiks. 
Tlio  second  tiicridiau  sbouJd  fall  8  x  67.7  links  to  tbo  right  of 
tbe  twelTft-mile  {mint. 

Tajilk  or   Ikclisatiosi  a«i>  Co«<rr.»<:>:KOV  ftt  nw  MaKUriAW. 
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For  detail!  nf  initnietion  in  tTaitoi]  8tiit««  GoTommonl  Siirvi'j'ing,  •eo 
Ilawt-s' STsinn  of  "RccUMiinil«r  Stirrcying,"  lliin'i  "  Koj  to  Solar  Conw 
fuK."  and  Clevenfcr'i "  Govcmoivut  burvej'lnK." 


379.  In  ttic  brotuket  Menitc.  thu  duties  of  a  city  engineer  in 
a  large  city  are  muDy  nod  varied.  His  kuovledgc  and  Jud);- 
meiil  are  requirwU  in  the  l(K>ii1ioii  of  llie  cily.  the  layiiig  out  of 
slivuts.  ftod  the  11\itig  of  suitable  griult^s  tliarvfor,  itie  estAblmb- 
ment  of  n  propni-  watLT  Aii|)pW.  tlie  (Ie)ii;riiing  of  a  »uitnble  kv!)- 
icm  of  sewers,  tti<-  iiiiprovuiuvitt  of  the  wntvrways,  and  tbr 
planning  of  ncvi'Ksary  briflgcs  and  biiildrnga.  FolIoiviDf;  biii 
Judiciid  fUDC'Iicns  ae  s  dvuiguor  uru  bis  roiDiateiial  runctitioK  as 
«  constriii-toi'.  The  tleld  whicb  in  thus  opened  twforu  liim.  iu 
carryiujr  int<j  cxetiulion  the  plans  for  the  varions  public  wotI>». 
in  a  very  witle  one, 

As  tbc  )K>roitgb  grotrs  and  expiuids  into  the  metropolUi  its 
needs  in  tlic  direetions  mentioned  increase  iintil  a  division  of 
labor  and  reHpunsibiUcy  becomes  expedient  and  neceiuinry.  '  In 
BcenrinK  Ibe  b«Bl  reeiiltK  in  cn[>:invcriuj;  pracLicf,  ws  in  other 
work,  the  t«ndeaoy  is  towar<ls  specialtiea ;  so  tbat  tu  many  dlics. 
lu  ordur  to  8>L-viiri>  the  services  of  the  boel  men,  and  also  Ibe 
beat  resultn.  the  luimcroiii  and  i[U|ii>rtant  diitica  connected  tritli 
city  enginL-criiig  bare  been  Keparutcd.  Tbc  pro\-ince  of  thja 
work,  wliieh  t»  not  a  Ircntie*.-  uti  ou^iueerin|r,  but  on  land  mr- 
reying,  makes  it  proper  to  treat  in  this  chapter,  as  tboroi^bly 
US  Uio  intention  and  limits  of  thi>  work  allow,  only  what  may 
be  cliuMed  under  the  bead  of  nurveyitig;.  n-hutlier  it  be  iicrfonned 
aa  the  speclul  work  of  the  city  or  town  surveyor,  or  an  ainong 
tfae  duties  of  the  city  engineer,  —  the  (iiialificatioaa  of  tbe 
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former  bj-  do  mentis  fittiu^  »  man  to  (lerform  llic  vnrk-d  duties 
of  tiie  Ifltter. 

Altliutigli  this  work  Is  iiitutidcd  for  tlie  inslruction  of  tbe 
fttndcut,  not  of  the  ex|)ent!iicec)  Burvevor,  and  licii<*e  in  many 
tbingB  may  gu  into  dutaiU  nhicli  to  ihc  latter  may  seem  nnitii' 
portant,  it  is  imi>06sib]c  in  llic  liiuitu  of  u  chapter  to  iuj[)nrt  a 
tliorough  knowlMlgu  of  the  duties  of  a  «ity  or  town  eurv«yori  — 
[ndood,  even  to  mention  all  hig  duties  ntul  the  mam'  opemtloiiB 
and  metlioda  wlnoli  unly  a  long  und  varied  {irac-tice  t-aii  iijt|iart. 
Gcocnd  metJiods  will  be  given  mid  dibcuBsvd,  but  any  surveyor 
of  a  pnictiral  turn  of  mind  will  have  Ida  own  luetliodt)  of  |tei^ 
forming  toueb  of  the  rowtiiic  work  pcrtniuiiip  to  bis  situation. 

It  is  not  In  Imrmony  with  the  plnn  of  tliiii  iFork  to  go  into  the 
stateiHvnt  in  Hits  cliapter  of  any  elatHtrate  tlivorieM  regaiding 
Burveying  and  tin*  instniinentfl  nserl  therein,  Imt  to  cudearor  to 
givu  eumc  mvthtHlti  which  uru  found  to  be  npplirable  in  practice 
and  to  giro  (rood  praotical  reaulta.  A  thorough  knowlcdiJP  of  any 
one  ^od  method  of  performing  a  certain  work  is  of  miic'ti  more 
value  to  tlie  sludoiit  iliau  a  ini»ity  idea  of  numeroua  methods. 

Under  the  two  leading  bead-t  of  tills  chapti-T.  ([v\d  iuHtriimi-Dts 
and  work  aud  oOicv  intttrumcnta  and  work,  theoretical  disona- 
aions  will  not  be  (entered  into ;  not  beennRc  thoy  do  not  |)o«sc9S 
Diucb  value,  but  bec'suiHe  we  tHMieeive  that  tliey  are  not  ndnptcd 
to  the  student's  prt'^ent  noed^i  and  moat  rapid  adranoement. 
Under  the  fortnir  htad,  in  the  light  of  the  work  which  tit  likely 
ti  CDgogt  llie  greatvr  part  of  the  eurveyor'a  time,  field  inslru- 
meuta  and  methods  of  UBing  tbem  will  Iw  described,  I'nder 
the  latter,  the  nature  of  olTlce  |dau8  tint]  reeords  will  be  de- 
scribed, the  instrumenta  imd  inrtJtoda  iwed  in  the  work  of  pro- 
duciiu;  Ihv  plans  bnvin(>:  btxn  deKeril>cd  iu  otlii?r  cbn.pl'crK. 

In  dividing  land  and  locating  the  boiiDdaries  between  pnilica 
it  la  pvidoQt  that  the  greater  tlie  value  or  the  procpeL-t ive  value 
of  aaid  biiMla,  the  more  delienie  *ihnidd  be  the  iiij'trnnientn.  and 
the  more  exact  tbe  tnctliods  used  in  the  work.  The  mcthnda 
iotl  inatruinents  wLiuh  would  for  nil  pi'scticii]  purposes  be  nufll- 
ci«ntly  exact  for  the  location  r)f  o.  line  fence  in  the  country, 
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wliere  land  rnigbt  b«  piii'chased  for  SlOO  per  acre*  nonld  not  «t 
meet  tb«  requiremeoU  in  locating  io  s  cit;  ft  Udc  b«twc«D  two 
artiest  on  Innd  wortb  SUKi  per  fi"ont  foot.  This  fdct  bocomes 
tlie  more  evident  when  we  eonniiier  that  tbe  Btrncturett  plnced 
u|>on  party  limits  in  a  t;itj'  arc  (to  iiiucli  more  substantial  ami  per- 
iiiKueiit  tu  tbvir  nature  lliiiu  tboe«  thntt  locAtcd  in  the  i-ountrj. 
To  meet  the&e  considerations  we  sball  liud  that  w]ule  some  of 
the  mclliods  of  laud  «!ir\'o_vinK  previoiwly  described  in  Uil«  work, 
and  the  inatriimnntd  used  therein,  are  apphciihle  to  the  purposeK 
of  city  siirveyiuK.  uiuny  of  the  metbotla  will  be  more  exact,  and 
the  iLtttniraents  more  luimeronei  and  delicate. 

Following  tbe  plan  heretofore  pureaed  in  this  work,  we  will, 
Ix-foro  diRciissiog  the  work  of  the  ci^  Hurveynr,  dejtcribe  the 
inBtriuuenU  (not  deBcril)ed  iu  previous  clmptem)  of  munt  gen- 
end  use  iu  LSs  work,  mid  explniu  their  adjusuneum  and  tbe 
general  methods  of  using  them.  The»e  instniuients  are  the 
transit  and  rods,  stcet  tapes,  mcasuria^-rode,  pocket-thcnnomc- 
ter.  hand-loTcl,  spring-balance,  plummet,  Y-level,  Icveliing-rods, 
autl  rod-levels. 


SECTION  I. 


iKSTEtmEMTS.  THBIR   ADJUSTHBSTa   4HD   GbHIIUL  UsbS. 


A.    FIELD  INSTBOMBNTa. 

380.  The  Tranrit.     Full  descripiion  of  the  transit,  its  adJnsT" 
meiit  ;iiid  iietein,  may  be  ft^iuud  iu  Clinpter  11. 

381'  As  precision  i»  the  distlngtdebing  foftturo  of  city  and 
town  Kurveying.  the  mI^;^etie  needle,  which  is  usniUly  found 
u|K>n  the  transila.  ia  in  this  work  of  but  little  use.  Anglen  in 
carefully  mntle  ^nrvcys  iltl-  now  taken  on  tlic  horizontul  gradu- 
ated circle  of  tlie  transit.  I'he  iiiDtrtictioos  already  given  in  tbis 
work  regarding  the  muguetle  needle  ore  sutScieut  roasou  for  tbe 
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It  ia,  bowftver,  desirable  IhaL  in  each  city  and  towa 
idtan  should  be  dctcnniacd  sad  ]>crinnnc'iilly  mnrkcd- 
Ing  useful  ia  many  oilier  tchvh  which  irill  Hii);gost 
emselveH,  it  will  be  of  great  ime  a^  au  aid  iu  detvrniiuiog  the 
'llIaUioD  at  Hues  dcscrilied  by  their  bt-ariuga  io  old  dcedst  the 
iabe  of  Uie  old  aiirvey  lieitig  known. 

383-  The  Btndin-hnirtt  *  nm)  vertical  circle  for  Btactia-measor^ 
JBeatB  are  useful  uttnchiDeuln,  and  tbe  telesooiie  iliould  by  all 
meuus  liave  n  loug  level-cube  attached,  as  this  Is  of  mncli  iiite 
in  city  and  tonn  work  in  running  grade  lines  and  in  levelling 
for  short  diataDCts.  After  the  level  and  the  manner  of  ntting  it 
have  beeo  described,  the  operation  of  raoning  a  grade  line  will 
tw  exi^ained. 

^     383.   Boda.  Besides  the  usual  Iron-pointed  wooden  rods,  very 

Hsouvenient  rods,  or  i^tcketfl,  for  u&c  with  the  tnuisit.  may  be  made 

of  ;;aB-|iipc  about  threv-iiuiLTtvi's  of  an  iiicli  in  diikincU-r  drawn 

oat  on  one  end  to  a  point,  and  painted  in  allernate  -kections  of 

Hied  and  white,  ~-  red  preferred  to  black  because  against  red  the 

croea-haifa  can  be  seeo. 


384.  It  is  by  no  means  as  easy  a  matter  to  run  a  straight 
litw*  with  a  transit  as  at  flr^t  tlioiigbc  it  may  Beem  to  Uie  student. 
After  the  seleotion  of  miitslilc  weather,  reverning  at  every  cx- 
tenaiotii  ewe  iu  tiaudlinjif  the  iutitrumcut,  uud  nvith  n  coi'rcs)KibJ- 
ing  degree  of  t-arc  on  tli(>  part  of  AAsiAtanti,  the  results  are  not 
always  what  the  mo!>t  careful  would  debire. 

389.  In  marking  a  line  with  stakes,  it  is  convenient  to  bare 
sinke-wood  which.  Iu  rroas-flectJOD,  bns  one  dimeneiioD  greater 
than  Uie  other.  If,  in  setting  the  atske.  it  always  be  placed 
with  its  broader  side  townrdu  the  in4ti-nm4>nt,  its  position  will 
afterwards  tell  ont>  at  a  glanoe  in  wlii<-h  direction  the  line  was 
in.    Thin  ia  important  when  several  intakes  ure  set  on  different 

*  Sec  Article*  148  to  im,  Stadin  M«aiur«mi»iit. 
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lines  DCor  tbcir  intcrsectioQ,  aa  it  will  ottco  Iw  the  mcacB  of 
avoiding  coafuaioo  a.nU  Uie  resulting  errorg. 

386.  8te«l  TapM.  et«.  Before  nmbing  uty  ImportAnt  meu- 
iiromcmtri  for  a  city  or  town,  it  is  necessary,  in  order  Ut  avoid 
iiubsvxjutmt  coufiiKion,  tlixt  a  standnrd  of  niea«arcment  slioold 
be  adopted.  In  ninny  paita  of  nti  old  city  or  towu  tbu  iutn>> 
dui'tion  at  a  uck  staudanl  wutild  lirin<;  incstxiL'sblt:  (.<ODfu)»iun. 
If  tUcru  Ixe  a  staudaid,  ev«a  though  it  haa  not  been  carefully 
prpserxed,  it  obould,  if  ])0)t»iilil»,  l«>  ntieertsiued  and  regarded. 
Whtu,  liowevitp,  it  in  at  the  option  of  tlie  Riirveyor  to  »elecl  liw 
standard,  the  Uniled  States  staudan)  sbuuld,  an  tending  to  uni- 
fonnity.  be  adu|>tud  in  Uii»  i'>ouutry.  Stuudard  rods  may  be 
procured  of  the  government.  With  these  rods  tape  lined  and 
other  iiiHtruin^^'iiUt  iiho^I  for  it  line  jmrpoHc  «Iiould  be  eoinpared, 
nod  the  varintinn  not«d.  It  is  desirable,  alno,  for  pnriKMtes  of 
roni]ians(JD.  that  a  Htundard,  dO  feet  or  100  feet,  at  a  known 
tciiiperiiture.  should  be  careftitly  Uld  down  with  tbese  nxlu  in 
the  corridor  of  some  building,  or  in  noiiie  other  eoovenient 
plave. 

Very  Hcrnmt«  meaauring  maybe  dono  with  gradaated  wooden 
rodn  |>roiHTly  ahud  vrit h  inetnl  M)ds>  Tlii'»e  roils  are  Dece»»]krily  of 
but  mmlerate  Length  ;  henee.work  with  them  is  uorrcapondingi}' 
alow.  For  Hty  work,  i*t^>pl  t!i|)e«  nre  now  in  very  general  UM  ; 
ami,  when  properly  IiantUed.  gire  very  natwffwtniy  resultA.  They 
are  of  differt-ut  Icugttm  luid  of  dilTerent  wldtlia.  For  raeaaur- 
Ing  fnll  hiiiidredH  over  tolt-ralily  level  ground  the  narrow  upe, 
^  inch  wide  and  20O  feet  long,  i«  very  convenient.  For  general 
city  iiae  the  lOO-fcet  tape,  |  indi  in  width,  is  tnoHt  ooDvouient 

387-  As  a  nik  niea«uremeut»  will  be  made  with  the  tai>e  in 
a  hnrizonial  position.  If  not  ho  held,  tbo  meuHireineQt^  will 
afterwards  he  reduced  to  th«  horizontal.  In  order  to  determine 
the  borizoutnl,  »  liitnd-level  in  used  to  ascertain  tlie  dtfTerenee 
In  elevation  of  the  ground  at  the  two  ends  of  Ibe  tape.  A  cut 
and  dcscriptioQ  of  this  convenient  little  instrument  is  given 
below. 
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Locke's  Haud-Lerel  coQBiats  of  a  brans  tube  about  6  iocLes 
loD^.  baviiig,  as  hUowu  in  the  figure,  a  smiUl  level  on  to]i  and 
newr  the  objevl  vud,  there  being  nlao  itii  opening  in  the  tub* 
betieatb,  through  which  the  bubble  can  be  a«en,  as  rfflet-ted  bjr 
a  glass  prinni,  inuiit-tliiilcK  iiiiib?r  Uie  \cve\.  Hnth  «ikIa  of  the 
tabe  are  closed  by  plain  glns^  aettiui^H  to  cst^Iudc  the  dnet,  aod 
there  is  at  the  iuner  end  of  tJio  Blidiug  or  cyo  tiibo  a  fiemicircu- 
lar  convex  lens,  whieh  scrvp*  to  luaguify  the  level  babble,  and 
CTOss-wire  uiiderneath.  while  it  allows  this  abject  to  be  olearly 
aeeo  through  the  open  half  nf  the  tulie. 


The  crosB-wire  ts  fasl^oed  to  a  Uttle  fraiiie  moving  under  tho 
Icvel-Dilie,  ftiid  iidjiut«d  to  il*  place  by  tlie  amall  scri-w  shown 
ou  the  end  of  the  Icvel-ciLae.  The  level  of  uuy  object  in  Itue 
with  the  eyo  of  tht  observer  ia  determined  by  aiglitiiig  upon  it 
through  the  tube,  aud  bringiuf;  tho  nir-bnbble  of  the  level  into 
a  |>08ition  wliere  it  is  bisected  by  the  cross-wiiv. 

A  Hhort  telescope  ia  Hotnotitnex  applied  in  i>lac«  of  the  plain 
gluaa  cods,  cuubliiig  levels  to  be  taken  at  greater  diatnuces  and 
with  iDcre&B«d  accuracy. 

ir  one  or  liotli  ends  of  the  tape  be  held  up.  the  point  on  the 
ground  vertieally  under  the  end  of  tlie  tape  will  be  detennined 
by  nicauM  of  the  pluiiiiui;t,  which  here  tiecdrt  no  dt'Hcri|)tioii 
furtlier  than  to  aay  that  ibi  ^ides  should  make  such  an  angle 
with  each  other  as  not  to  prevent  the  ohsen-rr  wh«in  using  it 
from  seeing  its  point;  neither  should  it  be  so  long  as  to  be 
unatcndy. 

In  all  extended  and  important  lueaBurcmeuta  regard  muat  be 
bad  in  using  the  steel  tape  to  fttandnrd,  tcmpemture,  sag,  and 
wind. 

Before  using  a  tape  ita  relation  to  the  standard  should  Iw 
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detennined  hx  compiiriHOti  witli  Uie  staiidtinl.  markMl  as  pre- 
viously ilctscribfil,  iiucl  Ibo  vnriatioii  uoted. 

388.  All  importnnt  mcn-turcincnts,  no  mnttpr  at  wlmt  tfitn- 
|>erutui-u  nintle.  slumlil  bo  reUutvtl  to  a  »tiiuiiartl  tem|ifratiire ; 
for  if,  at  »  cvrtuiii  teuiperaturi;,  we  (ieterrutued  with  a  st€«I  tape 
Uie  ilialani-e  npat-l  nf  two  poiiitfi,  nt  a  liigbcr  tctapvrftturu  tbat 
diutaucv  ou  t^e  saidc  tnpv  would  be  IcM  bcPiiiiH«  the  tape  in 
lottficr ;  or,  Ht  a  lower  temperature,  greater,  becnuee  the  tajie  is 
Khortcr.  Tho  li>iii]>«r:iturL-  ut'  Uie  air  at  itiv  timv  of  mvasureiueDt 
in  aacertnined  by  menus  of  a  small  tliermometpr  which  can  ho 
exposed  with  the  tape,  anil  whidi  i»  1*0  protected  tbut,  wbea  not 
in  UHc.  it  ean  be  fiafely  oniTtod  ia  the  poclfeC.  The  atandard 
teiiiperuture  tu  which  idl  lueaBUieuieula  hIiikiM  he  re4liit.-etl  utnv 
be  taken  at  pleoaare.  The  correctlou  for  expunslon  and  con- 
trnctioii  of  tlie  steel  ta)>e  by  heat  and  cold  is  0.000006  per  unit 
per  d(;f{i'eu  !■'. 

389.  Wlieu  llio  t.apc  Le  lield  BUspended,  it  will  always  sag  is 
a  vertical  direction.  Hetice  tlie  horizontal  distance  between 
the  extreme  graduiitions  will  be  lens  than  if  Ibt-re  were  no  sag. 
For  this  ri-aaon.  wheu  used  to  ineaisntv  the  distance  between 
two  {HfintM,  it  will,  without  correction,  give  &  result  too  great; 
wlioii  imed  withmit  eorifction  to  lav  down  a  giveo  distance,  it 
will  give  it  too  small.  While  a  formula  may  he  deriictl  bv 
which  to  laake  a  correction  for  sag,  it  will  be  found  quite  u 
satisfactory  to  determine  it  by  actual  trial.  Tho  amount  of 
ang  will  of  cotii'st^  de|ieiiil  upon  tbc  tenfliiin,  or  pull.  This  inav 
be  regulated  by  using  at  one  end  of  the  tape  a  boihII  a])riug- 
bflluu(;(-.  It  Ih.  tionever,  very  dcsirnblc  tlial  on  im[)urtiiul  work 
tlie  same  wen  at  the  same  ends  of  tlic  tape  should  make  all 
meaauroRicnu.  The  experience  gained  in  working  together 
vrill  he  a  most  im|}oi-tant  factor  in  secuHog  uniform  resulta. 

The  efteel  of  wind  is  in  the  same  direeliou  as  that  of  sag. 
While  much  of  ihi^  work  of  the  surveyor,  parLieulntly  that  in- 
volving short  meaeuremcuts,  must  be  done  regardless  of  wiDd, 
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no  good  rosDlts  in  long  and  importtint  mensurcmcDts  can  be 
secured  in  windy  wcatber.  ITie  Leal  correction  for  wiud  is  to 
wait  for  a  vuliu.  lu  windy  wcatlicr  a  uarrotv  tap«,  aa  it  ex- 
poaes  l«ds  surfacL*  to  Um  wind,  i&  UBeful. 

390.  To  illustrate  whnt  Ims  been  said  in  regard  to  the  cornjc- 
tiocis  to  be  ap|>liGd  to  meneurDmeiits  mude  with  tlic  steel  tajw, 
let  UB  soppose  two  exumjiks. 

Ftrat.  With  a  bCooI  tape  KX)  feet  long  ({  ineh  wide)  sob- 
pended  each  length  at  one  or  both  ends,  the  temperature  of 
the  iiir  being  7il°  F.,  the  distuuu:  on  the  tape  hctwct-ii  two 
|K>iat0  is  found  to  be  5i>(i  feet  >.>i  inches.  If  the  tiipu  i»  ^ 
inch  lonf^r  than  ilie  Htaodanl,  and  parts  of  \t»  \enph  [ii-opor- 
tionalcly  loripuv.  tho  standnnl  tcniperatni'p,  i>r»*  F.,  and  the  sag 

ioHi  in   100  tccX.  what  arc  llic  nKjrrcctictns,  and  what  ia  the 

tuai  dislancu  bt^tweirii  tiit;  puiuls? 

On  account  of  dilTerin^  from  thv  t^(»ndard.  uh  the  tapu  is  too 

ig,  tlic  dlBlmR-e  olilftiaed  is  tiro  ahoit;  the  oorrwtiou  for 
fltJtadord  ia  th<'rpfore  additive  On  ncioimt  nf  difference  in 
tcni|icmturi.'.  tliL-  tt-'uipt-rtituru  )H-ing  hi^litr  lliuu  tUo  standard. 
1^  the  tApe  IB  too  long,  the  distance  olitaincd  ia  too  abort; 
tbe  correolioii  for  t*!»iper«tiire  1«  tlicrt.'foro  additive.  On 
•cconnt  of  the  sag,  as  the  tape  is  thereSy  made  too  short,  tlie 
diotAucc  obtained  ta  too  lonf; :  the  correction  for  sag  is  there- 
fore Biibtractive. 

Correction  for  standard : 

^  10.  X  />J  =  {il  iu.  additive. 

CorrectioD  for  r^'mpcrature  ( 79°  —  SO"  =  i9') : 

0.TO0006  ft.  X  i50  X  lit  =  O.Oe27  ft. 

0.0627  ft.  X  12=  0.7524  in.  =  |J  in.  additive. 

CorrecUoD  for  sag : 

J  in.  X  J5^  =  fj  in.  bublracUve. 
Total  correction : 

+  H  i"-  +  H  in-  -H  '«■  =  +  A  in-  ftfWItlre. 
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Actual  distAQce  betw««n  points  : 

550  ft.  fi|  in.  -f-  A  i"*  =  ^^  '*•  Hi  >"• 

Second.  Si]pi>t>&e  it  be  required. — r>t1ier  tilings  being' 
before,  —  to  locals  with  tlio  *(tot-l  tnpo,  wbvii  tlie  leinperature 
of  tfae  ur  it  if  P.,  two  point*  wliioh  sbuLI  at  tfae  atandiuil 
tem|)crnturc  be  225  feet  4|  incbea  apart. 

AVIiat  Iciigtb  ou  tbu  tape  must  be  tAJccD  ? 

Correction  for  9ta4idftrd : 

A  in.  X  Si  —  W  ^-  »ubtractive. 
Correction  for  temperature  ( GO'  —  SS*  =  8')  ; 

O.OOOOOll  ft.  X  225  X  8  =  0.0108  ft. 

0.0104  ft.  X  l2  =  U.129&iQ.  =  ^ii).  additiT«. 

Correction  for  sag : 

(in.  X  2^=  )4  u:>-  additi\'e. 
TolJil  corroptiou : 

-9^2  in. +  ^ia. +  lf  in.  =  +i3iii.  idditivc. 
Length  to  be  taken  oil  tape  : 

225  ft.  4^  in.  -f-  H  >»■  =  ^^^  ft.  4|f  in. 
When  tbe  tape  is  not  auspendecl,  correction  for  Bag  will  not 
be  made. 

In  short  and  less  important  mcaauremotits  the  same  nttentJOD 
to  corrvctiutis  is  n:>t  ue<;i;8aary- 

In  prfkctice.  the  above  method  bos  been  fottnd  to  give  satis- 
factory resulb). 

391.  In  placing  stakes  to  hold  mcasnrements,  it  is  heeU  and 
in  hHruionv  with  the  lUL'thod  suggestud  fur  placiDt;  tliem  on 
instrument  linee,  to  ect  them  with  the  greater  dimcnsioo  of 
cro88-8cctioa  iu  the  dir«etion  lu  which  the  meaHurement  b 
being  matle. 

Measuring  is  a  Tcr;  imiiortant  part  of  the  work  of  the  sur- 
Teyor.  Even  when  done  with  the  giL-atcat  care,  it  m  difflcolt  to 
obtain  resulta  enlimly  satisfactocy. 
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MeaBUremeots  wLicli  ure  to  be  tUrectly  compftred,  or  ure  to 
b*  DMd  in  connection,  as  in  locating  imrallel  lineK,  nitoiild  be 
made  ander  c-ircumstanccH  as  nearlv  na  [Hisaiblc  iilcntical. 
KxpcricQUfi  un<)  u  correct  iilvn  of  thv  im[)ortiiiicu  of  tbe  work 
will  enable  the  sun'eyor  to  dvtermjae  the  degroe  of  acouraey 
tti«reiu  Lect'ssarjf. 

LEVELLUtU-IXBTBUHKKTS. 

392.  The  Y-LereL  Of  tlie  difTerent  varieties  of  the  levclling- 
iBatrumeiit,  that  termed  the  Y-lcvel  has  been  almost  univeraallj 
prcforrod  bj  American  eiigiiieeni,  on  account  of  the  fncilitv  of 
ttA  adjostment  and  superior  aectiraey- 

'Djv  engraving  rei)r«KeuU  a  twemv-iiicli  Y*lGvel  aa  made  hy 
W.  and  L.  B.  Gurfey.  Troy,  N.Y. 

393-  The  TeleicojM  how  at  each  end  a  ring  of  holl-nictiil, 
luraed  very  tmly.  an<l  botli  of  exactly  the  aaroe  diameter;  by 
IbeM  it  revolvtrH  in  llif  wy«H.  or  cau  be  at  jtleaMure  c1aiii[>vd  in 
any  [MMttiou  wlieu  tlie  clips  of  the  wyc«  are  brought  down  upon 
tlie  riaga,  by  puahing  iu  the  tapering-pina. 

394.  The  Le^el  or  groiind  htihhte  tube  ia  attnchin)  to  llio 
under  eide  of  tlie  te1e8co{>e,  and  (Vindshed  at  the  diflerent  enda 
tritli  tbe  usual  movtrments,  Iu  both  liorizoaUd  uiid  vertical 
directions. 

TlKt  aperture  of  tbc  tubo,  through  which  the  gla«e  vial 
nppeara,  ia  about  i^  int^hna  long,  being  croRaed  at  the  centre 
by  a  BnuJl  rib  or  bridge,  which  greatly  eircngihcns  tht-  tube. 

The  level-Boale  which  extends  orer  the  whole  leugth  is 
gradnated  into  tontlia  of  an  inch,  and  Bgurod  at  every  fifth 
division,  coimting  from  zero  at  the  centre  of  the  bridge;  the 
scale  is  set  cIohc  to  the  glass. 

The  bubble  vial  is  mode  of  thick  gUsa  tnbe,  selected  so  aa  to 
liaTe  an  crea  bore  from  end  to  end,  and  liiiely  ground  on  ita 
apper  interior  surfnoc,  that  the  run  of  the  air-bubblo  may  bo 
uniform  tlirougliout  lis  whole  range. 
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395.  The  Wyes  arc  miulc  large  aad  strong*  of  the  best  beO- 
inctrul,  aud  ^acb  Uus  two  aa\a,  both  beiug  adjuaUble  with  the 
ordinary  sti>vl  pin. 

The  clips  fim  brought  down  on  th^  rings  of  the  telescope- 
tab«  by  th«  Y-pinft,  n-bich  are  made  tapering,  so  as  to  clamp 
tbo  nogs  very  llnaly. 

The  clip  of  one  of  tlie  wyes  has  a  little  pio  projecting  from 
it,  wbtcb,  entering  a  recesa  likd  iu  ttm  vdgtf  ot  the  ring,  lasnras 
th«  veniail  poi^illoii  of  tho  level  and  croRS-wirc. 

396.  Th«  Level-Bar  is  made  ronnd,  of  the  b«8t  belt-mctitt, 
aud  shaped  so  aa  to  poeeess  the  greatest  etreugth  Id  the  puts 
nioHt  subject  to  sudden  stntins. 

Coaaected  witli  the  level-bar  is  the  tiead  of  the  tripod- 
socket. 

397.  The  Tripod-Socket  in  coinpoand ;  the  interior  spindle 
i>,  sectional  view,  u|>uu  wbicli  the  whole  inetrucictit  is  sup- 
ported. \i  made  of  steel,  u.ad  nicoly  ground,  so  as  to  tuni 
€venly  and  fijinly  in  a  hollow  oylinder  of  bell-metal ;  this, 
again,  bus  itu  extarior  surfiica  fltt«d  and  groiuid  to  the  main 
socket  EE  of  tJie  triptMl-bend. 

The  bronze  cylinder  is  held  upon  tlie  epindic  by  i>  washer 
and  screw,  the  betui  of  the  last  liavitig  a  hole  in  its  centre* 
through  which  the  tatring  of  the  plumb-bob  is  pawed. 


Tmi  ADjnsTMEwra, 

398.  The  three  adjustments  of  the  lercl  which  the  surveyor 
asuAlly  has  to  attend  ti>  arc  the  following: 

I .  Tu  ao^juxt  ifie  ICuf.  of  wtlimati<m,  or,  in  other  wordsi  10 
bring  both  wires  into  the  optical  axis,  so  that  ^cir  point  of 
iniersection  will  remniii  on  any  given  point  during  an  enUit 
revolution  of  the  teleseope. 

S.  To  bring  the  tevd-bubbte  puralld  with  the  bearings  of  the 
T*ringB,  and  with  the  longitudinal  axis  of  the  telescope. 
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S.  TV)  at^juia  th«  wyet,  or  to  bring  the  bubble  into  a  poeitioa 
at  right  angles  Ui  the  Terticit)  axis  of  Ihc  iuHtrumcut. 

399.  To  Adjust  the  Line  of  Collimation,  Mt  the  tripod  firmly, 
reuovc  the  Y-]>ii]«  from  the  clipsi  bt>  a&  to  allow  the  tvltriMviH.* 
to  tarn  ft«clv,  oUmp  tlie  instrument  to  the  tripod-hcn<l,  and,  by 
the  levelling  and  tungent  hctcwr.  hiing  either  of  tbv  wirvM  upon 
a  clearly  m&rlc(.-i]  vdgo  of  Home  object,  diatant  fVom  1  (Hi  to  MM 
feet. 

Then,  with  the  baud,  oarefullv  turn  tlic  tclcsoope  hnlf-vray 
around,  ao  that  tlic  haidu  wlro  is  compared  vvith  the  object 
aaaamed. 

8hoiild  it  bf  founil  iiboTi-  or  beluw.  bring  it  half-way  back  by 
DtDviDg  the  cnpntan-head  scTewb  at  right  uui^les  to  it.  reiueu)- 
bcring  always  the  inverting  property  of  the  eye-piece;  now 
bring  the  wire  agnin  upon  tlic  object,  and  repeat  the  first 
op«ratiun  until  it  will  reverse  correctly. 

Proceed  in  the  same  manuer  with  the  other  wire  until  tho 
sdjostment  ia  oomplelect. 

Should  both  wires  be  much  out.  it  will  be  well  to  bring  Uiem 
nearly  correct  before  either  is  entirely  ndjugted. 

When  thta  in  elTected.  unscrew  the  (covering  of  the  eye-piece 
oentring'flcrevrs,  tthowci  in  the  itL>cli()u»1  view  ut  AA.  mid  move 
earh  pair  in  succeAeiion  with  a  Hmn1l  .'iirew-drlvcri  until  the  wires 
are  brought  into  the  centre  of  the  field  of  view. 

The  inverting  property  of  the  eye-piece  doea  not  nfTcct  this 
operation,  and  the  screws  are  moved  direct. 

To  test  the  coiTectiicfts  of  the  centring,  revolve  the  telescope, 
and  obaerre  whether  it  appears  to  shift  the  jKiaition  of  an 
object. 

Should  uny  inoveinent  be  peroeived,  the  centring  is  not 
perfectly  effected. 

It  may  here  lie  repeated,  that  in  all  t^pleRropeB  the  position 
aud  adjustmcat  of  the  line  of  culliinatiua  depends  upon  that  of 
the  t^ject-gloaa ;  and,  therefore,  that  the  movement  of  the  eye- 
piece  doeit  not  affect  the  udjustmeat  of  the  wires  in  any  respect. 
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When  the  centring  lias  been  once  cfTected,  it  remains  pcr- 
naueQt,  tlifi  cover  l>eiug  ttcrcivi^d  on  iu;uin  to  (xmcval  and 
protect  it  from  deruagemcut  at  the  buodE)  of  tti«  curious  or 
inexperienced  o[)crxtor. 


400.  To  Adjniit  the  LcTel-Bsbble.  Clamp  tlie  iosUumcnt 
over  «itlier  pair  of  levclliug-screws,  ttod  briug  tbe  bubble  into  the 
contra  of  tbo  tube. 

Now  tiirn  tbe  tclMPope  in  the  wyes,  mi  lu  to  bring  the  level- 
Cube  ua  either  Hide  of  tbe  centre  of  the  bar.  Should  the  bubble 
run  to  the  end,  it  would  aliuvr  tliut  the  verticul  jilane  [wssing 
through  the  centre  of  the  bubble  waa  aot  parallel  to  that  drairn 
through  tlio  axis  of  llie  tclt'scopc-rings. 

To  correct  the  error,  bring  the  bubble  entirely  hack,  iriUi 
the  cap»tiiu-ht-iiil  Hcrevrs,  wbicli  ure  »vt  in  either  aide  of  tJie 
le\el-lioIder,  placed  usually  at  the  object  end  of  the  tube. 

Again  bring  the  level-tube  orcr  the  centre  of  the  t>ar,  and 
the  bubble  to  the  eentre ;  turn  the  level  to  either  sido,  and,  if 
necessary,  repeat  the  correotion  until  the  bubble  will  keep  its 
poaitlon.  when  tbe  tube  is  turned  half  lui  inch  or  more  to  either 
side  of  the  centre  of  the  bar. 

The  ncce«8icy  (or  tbia  operation  Arises  from  tbe  fact  that 
when  ihR  telescope  eh  reversed  end  for  end  in  the  wyes  in  tbe 
other  and  principal  adjustment  of  the  bubble,  we  are  not  certain 
of  plhcSuf^  the  level-tube  in  the  same  vcrticAl  plane  ;  and  there- 
fore it  would  be  almost  iiD[)OKeilile  to  effect  tbe  adjustment 
without  a  lateral  correction. 

Having  now,  in  great  measure,  removed  tlic  preparatory 
difflcultieH,  we  proceed  lo  make  the  level-tube  parallel  with 
the  bearinga  ofthe  Y-rings. 

To  do  this,  bring  the  bubble  into  the  centre  with  the  levcUiog- 
Bcrew8,  nnd  then,  without  jarring  the  infttrunimit,  take  ti*t 
telcHcope  out  of  the  wyes  aud  reverse  it  end  for  end.  Should 
the  bubble  run  to  either  end,  lower  tliat  eud.  or,  what  m  equiva- 
lent, raise  the  other  by  turning  the  email  adjusting-nuts,  on  one 
end  of  the  level,  until  bv  estimation  half  the  correc^oo  is  made; 
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again  briog  the  bubble  ioto  the  c«ntre,  and  repeat  the  whole 
<fi«T&tion,  until  tiiQ.  reversiou  coo  be  made  without  (^^Ausing  any 
cbaage  in  the  liubble. 

It  would  l>e  vreU  to  teat  the  lateral  tuljustincnt.  and  make 
SQoIi  correction  aa  may  b«  iiut'cHtmry  in  that,  before  ttte  hori- 
zontal adjtietiUQiit  is  entirely  completed. 


401.  To  Adjnat  the  Wyes.  Ilaving  eCTeoted  the  prcviooa 
adjiistmentt*,  it  reinaiue  now  to  dt-scribe  that  of  Uiu  irycs,  ori 
more  precisely,  that  which  briugs  the  level  into  position  at 
right  anglea  to  the  vrrtical  iLxis,  eo  tbiit  the  bubble  will  remain 
ID  the  c«nlre  during  an  entire  rerolution  of  the  indtrument. 

To  do  thi9,  bring  the  lirvcl-tubc  directly  over  the  centre  of 
the  bar,  and  clamp  Llie  telescope  Hrmly  in  the  wyes,  piaeing 
it,  a»  before,  over  two  of  the  levelUng-ecrews,  uuclamp  the 
soeket,  level  th&  bubble,  niid  turn  tbi'  inRtniinont  hAlf-way 
around,  so  that  the  I«v«l-bar  may  cw^-upy  the  same  poBition 
with  respect  to  the  levelling-scrowB  beneath. 

Should  the  bublile  nni  to  I'itlier  end.  bring  it  half-way  hack 
by  tlie  Y-nut»  on  either  end  of  the  bar  ;  now  move  the  tcletteopc 
over  the  other  set  of  levelling'ttcrewa,  bring  the  tmbtile  again 
into  the  centre,  uud  proceed  preciiiely  as  above  deamhed, 
cliangiog  to  each  pair  of  Borewit,  successively,  iinlil  the  adjust- 
ment is  very  nearly  perfected,  when  it  roay  be  completed  oror 
a  single  pair. 

The  object  of  tbis  approximate  udjuatment  is  to  bring  the 
npper  parallel  plate  of  the  iripod-head  into  a  [}oi«ition  fkn  nearly 
horizontal  as  luBsiblc,  in  order  that  no  essential  error  may 
an«3,  in  cn^c  the  level,  whcu  reversed,  ie  not  brought  precisely 
to  its  former  aituation.  U'hon  thn  Lcvd  hoji  l>oon  thus  com- 
pletely adjusted,  if  Uiu  intitrumeuL  is  properly  made,  aud  the 
BQckets  wet]  fitted  to  e^ch  other  and  Uie  tripo<l-bead,  the  bnbble 
will  rcviTse  over  each  pair  of  w^rewa  in  any  ponition. 

Should  the  surveyor  be  iiuul;le  to  iiiidte  it  [jvrfonu  correctly, 
be  abould  examine  the  outeida  aocket  carefully  to  nee  that  it 
8«t8  aeourdj  in  tlie  iimiii  t^oi-ket,  and  aUo  notice  that  the  clamp 
docM  wot  bear  U[h>d  the  ring  which  it  encircles. 
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When  theee  ar«  oorrcrti  and  the  error  \b  BtJll  iiuuiifested.  It 
wiU  probably  >>o  in  the  iuiperfeetioti  of  the  interior  Bpiadle. 

After  the  adjiip'tiiii^iirx  of  tlic  lovel  have  bMQ  efleotod,  aod 
the  bubble  retaainn  in  the  centrp,  in  any  position  of  the  ftoclcet, 
the  HurvL'yor  MhouM  turn  the  t(.'li-K(.-o|)e  iu  Uie  "Kyvm  until  the  pin 
ou  the  dip  of  X\k  wye  will  enter  the  little  receiM  in  the  ring  tu 
whicb  it  is  Qttod,  and  by  which  is  insureii  the  verticaJ  positioD 
of  the  siiirit-loTpl  njid  croaa-wire. 

When  the  pia  in  iu  itn  plnee,  tlie  vertioal  wire  rany  he  Rpplieit 
to  the  edge  of  a  bnililiiig  ;  und  iu  cane  it  thouM  not  he  parallel 
with  it,  two  of  the  oro!*»-wire  strewB  that  are  iit  right  ungW  to 
each  other  may  be  lotwcned,  and  hy  the  sctcwb  outside,  the 
croua-wire  riii^  turneii  until  thn  wire  i*  vcrlieftl ;  tho  line  of  col- 
limatioQ  nxisL  then  be  corrected  again  and  the  adjustnicnta  of 
the  level  will  hv  complete. 

408.  To  Use  th«  Level    Sot  the  lege  firmly  Into  the  grotmd. 

The  buhblo  Hhouiri  then  he  brought  over  oaeh  pair  of  levelling- 
9(Tewa  HUfK'esiiireiy  and  levelled  in  each  poirition,  any  correction 
tliut  inny  apiJcar  necessary  being  made  in  the  adjuatmentx. 

Bring  the  wireo  prccinely  in  foviiK  nod  the  object  distinctly  in 
view,  m  that  all  errors  of  parallax  may  be  avoided. 

Thin  fliTor  is  seen  when  the  eye  of  an  obseiror  Is  moved  to 
either  side  of  the  centre  of  the  eye-pieoe  of  a  teleseope,  in  which 
the  foci  of  tliu  object  aud  eyi--gliusea  are  not  brought  precisely 
uj)on  the  croftH-wires  luid  object;  in  such  a  case  the  wtrvn  will 
appear  to  move  over  the  Btirftee,  and  the  observation  will  he 
liablG  to  inoccnrnoy. 

In  all  iiislauceH  the  wires  and  object  should  be  brought  Into 
view  so  perfectly  that  the  iToas-wires  will  appear  to  be  fasteuLtl 
to  the  surface,  and  will  remain  in  that  ponilioa  however  the  eye 
in  moved. 

Care  should  be  exerc-ii>ed  during  an  nh«iierv»tion,  leDt  the  haifl 
Couching  tlie  iaslruiueut  inadvertently,  or  a  foot  placed  near 
the  leg  of  the  tri]K>d,  impaSr  the  sdjustinont. 

The  weight  of  a  level  having  a  20-iiich  telescope,  with  levul- 


403.  TTiC  various  levuIliiiK-nKla  unctl  by  Amcricau  enginvcnt 
are  made  in  two  or  more  porta,  wliich  slide  front  each  other  as 
ey  are  exteaclei]  iu  um. 

AM.  Tkb  New  Tork  Bod.  This  rod,  wliit-h  i»  aliown  in  the 
eu^ruviiig  aw  cut  in  twn,  w>  timt  tlie  eridn  imiv  be  exiiihiteil,  iu 
tnado  of  maple,  in  tn-o  piec««,  liiit  eliding  one  from  the  other, 
itae  RiuiKt  end  Imog  nlwnyM  licld  od  the  ground,  and  tbe  gnulu* 
AttoDB  Htnrtiii^  from  thnt  {miit. 

Tbc  gradualioiix  aru  imidL-  to  tciitlut  and  biiiHlifLltli*  of  a  fool, 
tte  tenth  llgtire^  being  Mack,  and  tbe  fevt  iimrJiifd  iriili  a  Im-jrc 
rad  figure. 

Tho  front  surfncfl.  nii  which  tho  tjirgpt  movos,  n-nd»  to  fij 
feel ;  when  a  greater  height  !«  required,  tlie  bnrucatita!  line  of 
Ur'  tvgrt  U  ftxL-d  lit  tbiit  )Joiiil,  iLud  Lbc*  ii[>iJL-r  half  uf  ttir  rod) 
canyiug  the  turgt^t.  if*  uiovoil  out  of  Ihn  linver,  tin?  n-ailing 
being  now  obtained  Iri/  n  vernier  oti  the  graduated  »ide,  up  to 
an  elevation  of  12  feet. 

Tbe  target  is  round,  iuihIl-  uf  thick  sheet  bnus,  bu%'iiig.  to 
atreogthen  it  still  more,  a  raibcd  riiu,  which  nlito  protects  tlie 
paiot  from  bcittg  defaced. 

The  torj^et  inovea  easily  on  the  wxl,  boinjf  kept  in  any  posi- 
tion hy  tbe  frielion  of  the  twu  tint  pltLtfit  of  bniss  wliieh  are 
prSMMl  against  two  alternate  sides,  by  small  xpiral  »])ring9, 
vorking  in  little  tbioihlea  attached  to  the  band  whii-b  HuiTounds 
the  rod. 

There  la  also  a  clamp-scrow  on  the  Imek,  hy  which  it  may  be 
•ec'Urely  fastened  to  any  i«irt  of  thu  rod. 

Tbe  face  of  the  tni-get  in  divided  into  (|iiadrai)tji  by  horixootal 
anil  vertical  diameters,  whirb  are  alflo  the  Ixmutlaries  of  tbo 
,  with  which  it  is  painted. 
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The  colors  usuallv  preferred  are  white  aoil  red ;  somfltimes 
while  »ud  Wnck. 

'['lie  opeDiiig  in  the  l^oe  of  the  tai^et  \e  a  little  more  than  a 
tentb  of  a  fuvt  loiigi  so  Ibnt  iu  auy  positioa  a  tenlb  or  a  foot 
flgorc  pnn  be  fieen  on  the  Burfai-e  of  the  rod. 

The  right  etlge  of  the  upeninfi^  is  ('bnnif«red,  and  divided  info 
ten  equal  «iJin'oa.  corrn^Ktafi'mg  with  iiine-huadredths  on  the 
rod  ;  the  divl.sionti  start  from  Die  borizontnl  line  which  separates 
the  colore  of  the  face. 

'i'lie  vernier,  like  tlwt  on  the  side  of  the  rod,  read*  to  thou- 
aaiidthii  uf  a  fuut. 

Tlie  clamp,  which  \a  screwed  foat  to  the  lower  «nd  of  the 
upper  sliding-piece,  has  a  niorable  part  which  can  t>e  brought 
by  the  clump-screw  Ermly  uK'^'ttst  the  front  ourface  of  tJie  lower 
bair  of  the  rod,  and  thus  the  two  partA  immovaM;  fa«t«D*d  to 
each  other  without  inarriug  the  divided  fave  of  the  rod. 

405.  The  Philadelphia  Rod.  This  rod  is  made  of  two 
Btrips  of  cheiTT.  each  about  }  inch  thick  by  1^  inches  wide  and 
7  fefll  long,  oonuected  by  two  metal  oleevofi,  the  loirn'  one  *f 
which  has  x  clamplnfic-scroH'  for  fA«t«)iing  tlie  two  parts  together 
when  the  rod  is  raisetl  for  a  higlier  reading  than  7  feet. 

Kotlt  aides  of  the  hack  strip  and  one  »iiic  of  the  front  otie 
are  planed  out  ^  inch  below  the  edges ;  the»c  deprcMcd  Bur- 
faces  nre  pniuted  whit«,  dividud  into  feet,  tenths  and  bundredthfl 
of  a  foot,  and  the  feet  and  tenths  tigciiod. 

The  front  piece  reatla  from  the  bottom  upward  to  7  feet, 
the  foot  Ugures  being  red  and  an  inch  long,  tlie  tenth  Bgores 
black  and  oight-tenthe  of  an  inch  long.  When  the  rod  is 
extended  to  fnil  length,  the  front  siirface  of  the  rear  half  reads 
from  7  to  13  fi-et.  and  tlie  whole  front  of  the  rod  is  figured 
oontiououflly  and  becomea  a  self-reading  rod  13  feet  loDg. 

The  back  surface  of  the  rear  half  is  figured  from  7  to  IS ' 
feet,  reading  from  the  top  down ;    ft  hiw  a  vernipr  also  by 
which  the  rod  is  read  to  two-hnndredtha  of  a  foot  as  ft  ii 
extended.     The  target  is  round  and  made  of  sbcct-bnisH,  raised 
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on  ibe  perinieu>r  to  intirpase  its  strength,  nod  Is  pniiitod  inwliiu 
and  red  (|iiadriintj) ;  it  liau' nl^^n  x  >«pa1«  on  itii  chamfered  edge, 
rcarling  to  tn-n-buiidt'cdtlm  of  a  foot. 

Wh«a  a  level  of  IcM  th»D  7  feet  ii«  d«)tii-ed,  tlic  t«rget  is 
movod  up  (ir  down  tbu  front  8tirfa<!«.  tli«  rod  being  closed 
Kigfthcr  niid  clumittfd:  lint  u-ln'ii  n  pn-iiter  heiglit  in  icfiiiirod, 
the  tar^t  is  Hxed  »l  7  fret  »nd  t1it>  i-eur  lialf  nlid  out.  the  ocale 
on  the  tmck  tii^'injf  Ihu  rcKdini^  like-  tliusu  of  tliv  tiuf^eL  to  two* 
bundredtlifi  of  n  foot. 

Ttiis  rod  IK  8o  p-Hdii!it(Ht  that  tlio  K>vi>IIvr  is  cnubled  to  take 
the  reading  din'ct  from  it.  tho  nidman'a  duties  being  Himply  to 
hull)  the  rod  vertical  over  the  puiuta.  It !«  hence  called  a  «e^ 
rfiding  or  tpeukiwj  rud. 

406.  The  Aod-Level.  The  n^iires  lielow  rcpresont  n.  level  re- 
oently  devUed.  for  the  incire  aucuratt;  pluuihiiig  of  lev«lIing-roda. 


UQD-LuyiCt. 


Kuu.Lxvn.  X*  Atrumtt  vii  i  Bou. 


The  bft-liaud  li^iu-c  shows  it  when  folded  for  couveuieuce  in 
carrying,  lu  couveoieiicc  and  valine  eotuiuond  it  to  gODoral 
fiTor. 


407.    Levelling  \b  m«aHiinng  in  a  verticBl  direction.     In  hie 

OQ  levelling,  Fre.d«i'ick  W.  Slmms  says:  "levelling  \» 

Btof  tracinf;a  liuc  at  the  Eairface  of  the  cjirth  whidi  Hhall 
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ciit  the  directions  of  grAvtty  everywbere  at  right  angles.  .  . 
The  direction  of  gravitv  itivarial>1v  l«nda  towardH  the  c«atre 
of  iLe  L'jirUi.  ami  may  b«:  L-oaaidcrctl  as  represented  l)y  a  plumti- 
line  whcu  hnugiitg  freely,  ivud  e<u»pctidod  beyond  the  sphere  of 
Attraction  of  tho  Hurrounding  ubjects.  .  .  .  The  ogtemtiuo  of 
levelling  m«y  be  flefineil  n»  ihe  art  of  fliuliiig  how  much  hlgb«r 
or  lower  any  one  iroint  is  tliau  niiother,  or.  more  properly,  the 
diGTci'eiJCe  uf  thvir  ilistujiccs  rroiii  thu  cuiitrc  of  the  eurtli." 

A  Burfiioe  like  that  of  Btill  wrator  may  be  called  n  level  sur- 
fiKW.  Thf-  eiirvo  formod  Uy  ll;e  inti>r6UCtion  with  nudi  a  sur- 
fnce  of  a  veitical  plane  U  a  tine  of  true  lewt;  a  line  tangent  to 
Ihc  IbMct  is  a  line  of  ayjtareni  tev^. 

iMvelliug  is  tli«  art  of  dtstermiiitug  the  diffcreocee  of  clcvalioo 
of  two  or  more  points,  or  of  ilcleniiining  hov  much  one  ]»>itit 
is  above  or  below  a  line  of  true  level  tuMsing  through  the  other 
point. 

408.  From  th^*  forogoing  it  U  evident  that,  on  acoount  of  the 
curvature  of  ilie  enrlh,  u  liorixontal  line  U  not  really  Uirougli- 
out  its  Icnirth  li  IcTi'I  Hue  ;  that  of  two  points  in  thu  same  Icrd 
line  each  will  have  its  own  horizuti.  IleiK-c,  in  levclliug,  the 
cflpcl  of  the  curx-fttiiro  of  tlio  earth  upon  the  compamtive  eleva- 
tiona  of  different  points  must  be  takcii  into  con>>idenition. 
The  efteet  of  the  eurvatnre  is  to  make  objecta  ^pear  lower 
than  they  reu.lly  an. 

The  nil'  ueorcr  the  surface  of  the  earth  ia  denser  than  that 
farther  roinoi'cd  fVom  the  surface.  This  diff«rence  iu  den&ity, 
tuinaing  refraction  of  light,  will  alfcct  the  elemtJon  of  a  point 
aa  observed  through  the  telescope  of  a  level,  so  that  it  alHO 
maat  be  taken  iuto  coimideruttoiu  \Ut  elTeet  Is  to  luiike  objeits 
appear  liigher  than  they  really  are.  The  error  c«iie«d  by  refract 
tion  l»  one-Aoveuth  n»  grc.it  ax  that  cauxed  by  purx'ntiire. 

Let  UH  llrst  find  an  cxpre^Bion  for  the  correction  due  to  the 
curvature  of  the  earth.     Thai  is  — 

409.  To  ^nd  the  ffnt'ojion  from  its  tcmgeni  of  a  tine  of  tni» 
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Let  0  represeDt  tije  centre  of  the  eartJi,  PN  a  line  of  true 
level,  aud  iW  its  tangent,  or  &  line  of  p 
apparent  level.     The  distance  NN'  cor- 
responding to  the  length  of  sight  PN  is 
required. 

From  Geometry, 

PN'*=2irN'i2  0N+NN')  ; 
PN'' 


or,        2^N'  = 


i02f+J)f:sr' 


For  ordinary  distances,  the  length  of 
the  arc  may  be  regarded  ss  that  of  the 
tangent,  and  NN'  as  inconsiderable  in 
comparison  with  2  ON,  the  diameter  of  ^ 
the  earth.     Therefore,  calling  the  length  of  sight  d,  the  cor- 
rection c,  and  the  radius  of  the  earth  r,  we  have 


and  the  correction  (or  refraction 


d» 


7        7      2r      Ut 


then  the  correction  due  to 

curvature  and  refraction, 

which 

we 

will  call  C,  is 

c  — 

1 

•2r' 

d* 
14r' 

or. 

C 

Ir 

This  correction  must  be  added  to  the  height  of  the  object  as 
found  by  the  level. 

Id  practice,  the  necessity  for  using  the  above  formula  is 
avoided  whenever  it  is  possible  to  set  the  level  at  equal  dis- 
taoces  from  the  points  whose  difference  of  height  is  required. 


:;.   WUat  is  the  correction  due  to  aunmture  Tor  half  a  mile? 

8.    Wlint  18  tlie  leDgtti  of  «igtit  wLeu  C  equals  ODe*teotb  of  t 
foot? 

4.    SLOW  that,  practically,  the  corrfiction  for  carratuw  in  feet 
is  eqiml  to  two-thirds  tho  square  of  tfa«  distanc«  in  miles. 


410.  If  two  points  .V,  .V.  wbooe  difference  of  elcvatioo  i» 
rcqiiLred,  can  be  observed  upou  from  some  point  P  alioat  vqai- 
distant"  from  them,  not  iiecesMrily  in  their  line,  set  up  tlie 
level  at  /*.  anrf  note  the  rea*iing  of  a  twI  ln'td  vcrtiwilly  over 
each  point.  The  difference  of  the  two  rcAdin^s  will  i&dic«tc 
the  dLfferenoe  of  level  required. 


411.  If  the  Above  inetho<1  Is  linpractieablo.  set  ap  tl»c  inet 
meat  at  some  [Mint  f — either  in  or  out  of  the  line,  do  matter 
which  —  from  which  a  ro<l  iiiav  be  observed  od  the  lirst  stalioo 
M.  and  also  ou  aiimiher  iiciiit  0  in  the  direction  of  X,  about  eqoi* 
distant  vfitli  .V  from  the  instrument.     Remore  the  level  to  a 


•  PliHng  the  in«tniinmt  in  thm  pncilion  Imwih  thp  pff«rt«  of  Inaecmte 
adjuftmcDt  aniJ  reuiler*  aiinvvcetMirj-  the  <:urrecli«iu  tndicnti.'d  is  Artkl* 
-400. 
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new  pn8tiion  P,  whence  obeerre  ngftin  the  rod  on  O,  oJbo  tfae 
rod  ri'fldhig  at  2i. 

Tbc  iliffvrcDcu  between  the  rcRdingit  of  ttic  roil  nt  3f  and  O 
allows  iiow  luiicli  higher  th«  lntl«r  m  than  tUe  former,  and  iu  like 
usDoer  tbe  difference  of  the  readiogs  at  O  aud  Ogives  the  differ- 
ent in  elei-fttion  of  thew;  point*,  and  ho  on,  no  roatK-r  wlmt  tbo 
Dumber  of  stationa.     The  difference  in  tteigbl  of  M  and  ^V 

=  .Vm  -  Oo  +  W  -  -Vn  ; 
W,  Mm  -\-Oo'—Oo  —  An 

Calling  Mm  and  Oo'  hark-gigliU,  and  the  other  two,  fore> 
sights,  «o  percvive  that  tbc  difference  of  level  of  two  points  is 
shown  by  ftubtmcliug  the  Hum  of  the  fore-^ighte  from  the  eum 
of  the  back-eights. 

r  412-  Again,  in  levelling,  we  measure,  b;  means  of  the  rod, 
bow  mnch  lower  than  the  line  of  aight  (lieigbt  of  instrument) 
certain  points  are.  Thus  we  mnv  detienniue  Uil-  reiutive  eleva- 
tions of  tlie  points.  Huppoae,  for  exauipk'.  it  he  retiuired  to 
detrnnine  the  dinerencc  in  elevation  of  any  two  points.  For 
naiauns  already  giren.  aet  the  Ipvel  equallv  dixtiiiit  from  the 
|)uints.  If  this  L-HUiiul  be  dune,  and  liuth  obacrviilious  have  to 
im  taken  from  one  of  the  MiUi^iiH,  enpi'dally  if  the  distance 
between  them  Sf,  considerable,  correction  as  previously  described 
must  be  made.  But  in  thin  ena?  Kiip{>oKe  it  i«  jtoHaible  ;  and 
MipjKMe  ttiat  when  held  on  uiie  [wjint.  the  rod  leads  ".-i-Vt :  that 
i«,  thia  |x>int  may  he  coiiaiili.'red  1.2'm  below  the  line  of  aight, 
nd  4.753  when  held  on  the  other;  then  tliD  first  may  Ifc  con- 
ridorwl  T.256  — 4.7.^;>.  or  2.i(i0  fai-thor  than  tlie  SBtJond  bwlow 
the  line  of  sight,  or  lower  than  the  second. 


ti3.  .'^oppose  it  be  required  to  determinp  the  difference  in 
elevation  between  two  points,  of  which  one  is  ao  much  higher 
than  the  other  that  the  rod  is  too  short  to  give  n  reading  on 
botli  |x>intB  Tor  one  poaitioD  of  the  instrument.     In  such  a  cue 
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one  or  vaon  anxiUuT  poioCs,  called  tarnine-points  fT.P.)i 
niut  be  Ba«d,  and  ttieir  reUtive  el«Tftt*oiu  <lfit«nuin«d.  Stip- 
poM  tbe  reading  on  tbe  finrt  potnt  is  O.^ii,  aod  on  a  turning- 
point  U  10.4.^2  ;  tbe  latter  U  then  9.608  b«1ov  ibe  former.  Now 
the  instniment  miiAt  b^  mored  and  set  nii  so  as  to  obtain  a 
resdiD^  uo  tbt-  tumii^-pQiat;  and  (we  will  suppow)  oti  (be 
Other  of  the  given  points.  Snppoae  tb.tt  on  the  former  it  is 
1  JH>2,  and  oa  tbe  latter  8.634  :  the  Utter  is  then  7.3:13  below  ihe 
tliniini^-|K)tnt,  or  9.608  +  7.S32,  or  lt>.:<40.  Wlow  the  f\ni  of  tbe 
two  given  points. 

Tbe  first  si^ht  taken  alter  keltlng  up  tbo  level  is  called  s 
back-itigiit.  or  pbia  si^bt:  those  taken  after  this,  and  Itcfore  tbe 
instrument  is  moved,  are  c-alled  fure-sigbttt  or  mions  sights.  As 
the  difference  of  tbe  ri-aduigA  of  tlw  rod  on  two  points  gives 
their  difference  of  elevation,  the  difference  of  the  sum  of  tbe 
plu»  eights,  aod  tlic  sutn  of  the  minus  si|;bt8  on  T.P.'s  nnd  the 
last  point  will  give  the  difference  in  elex'ation  of  tbe  extreme 
points.     In  tbe  above  example 


0.824 
1.302 


10.432 
e.634 


2.126  19.(H>6 

IS.OCfi  -2.126  =  16.940,  as  befora. 

This  is  used  as  a  check  on  level-notes. 

Iq  extende<l  levelling,  permanent  elevations  fixed  doring  tbp 
progress  of  the  worlc  for  future  reference  are  callod  beueli 
marks  or  heucbcs  (B.M>). 


tt4.  lu  levelling,  it  if>  cnstomwr  to  refer  alt  eleTstions  to  an 
assumed  level  plane,  called  the  plane  of  refereooe,  the  datum 
plane,  or  simply  the  datum.  PoJuU  are  tlien  said  lo  be  so 
roncb  atioveor  twlow  the  dnttini.  As  this  ptaae  may  Ik^  sssiimed 
at  pleasure,  It  is  gcuenillj-  so  taken  as  to  be  lower  tbaa  noy 
point  whose  elevation  is  to  be  determined.  In  city  kvelllD^ 
this  plsDC  may  be  awuniM  at  the  height  of  mean  lov  wpter. 


^ 
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rbicti  elevation  ntny  be  called  zero.     Then  a  point  which  has 
'the  eleratiou  12^.37  will  be  126.37  above  low  water. 

If  two  points  li&ve  the  elevntions  125.37ft  and  I0o.21.'}  rcsjiec- 
tivcly,  Iho  former  is  125.375  -  11)5.213,  or  20.162  higher  Uiau 
the  latter. 

I  The  dutuoi  Imvtii^  once  been  cktcnnmcd,  its  elevation,  or 
that  of  a  point  a  known  distance  above  it.  should  b«  peroia- 
□eniiy  tix^d  for  future  rofereaoc  ami  coui|)ariituu. 

415-  The  levels  for  prolile  given  under  Street  Grades,  on 
[page  3€ftt  show  how  the  field  uotes  lu  leretliug  may  be  kept. 
The  elevation  nf  the  bench-niark  from  which  ttwy  start  is  .^1.4 1. *> 
above  iIk>  datiim.  Tljv  first  plus  sijjhl  ii«  T.USO,  which,  nddcd  to 
51.415,  gives  58.-H.J.  the  height  of  the  instrument  (H.l.)  above 
the  datum,  Tlie  &ni  iniuuji  siglit,  which  i»  uu  a  tuiuiug.poiut 
(T.P.),  ifl  0.«70,  which,  suhtvacteil  from  ■'^8.14.'i.  gives  .'jT-STA. 
the  height  of  the  T,l'.  above  the  dstiuit.     Tho  inatrument  is 

fthen  moved,  aet  up  again  ui  a  eoQvenicnt  plaee,  an<1  the  work 
proceeds. 

At  on«  setlimr  of  the  instrument,  the  elevfltioiis  of  any  points, 
esides  the  turning;-) loint,  which  are  not  too  high  nr  too  low  to  he 
reached,  may  l>e  u»ccrtaiued.  It  i»  evident  that  if  any  error 
be  made  at  a  T.P.,  all  Uit>  following  elevutiou^  will  llier<>by  be 
affected;   but  if  ina^le  at  onv  of  ttiei>e  other  ix>iiit)4.  only  the 

IdevaUoD  of  that  point  will  Ije  atfected.  Hence  the  inijxjttance 
of  eareful  obecrvatioiis  at  T.Ke. 
In  the  above-inentioneii  form  for  the  keeping  of  the  field 
■ote»,  all  Uie  ubHervatiuiu:)  (ObH.)  nre  set  in  one  coltiuiu.  If 
ilesirvd,  plus  sightK  and  inimis  sights  may  be  set  in  different 
ctdumnH :  and  of  minus  t^ighti^.  ihunt?  on  turning-points  may  be 
Set  in  n  column  by  ttiviiiaelvvB.     It  will  lhi;n  be  easy  to  apply 

rek  before  de&cribed.     However,  thy  fonii  given  is  iu 
¥eiy  coQveiiioul. 
EXERCISE. 
Tabnlftte  in  both  of  the  above   form»,   also   in  tlio  fonn 
heudvd 


^  the 
Vbee 
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Su. 

-tS. 

n.  I. 

-8. 

Klitmiom. 

Ubmikks. 

the  follow JDg  lcv«l  Dotes: 

Height  of  B.m lOO.tlOO. 

Oba.  ouB.M .1.132. 

"      "  Sta.  U CSJ*. 

»'      w     t»      1 7.12. 

"      »'     '*     2 8.84. 

"      "  T.P.  3 9.7«0. 

From  new  iwailion  of  inst.  obG.  od  8la.  S,  S.ICU. 

Obs.  oo  HiA.   4 5.89. 

it       '•     '*      5 7.92. 

"       "     '»      6 10.18. 

"      "  T.P.  7 12.020. 

AgAinoa  '*     7 1.3C0. 

Ol>*.  on  SU.   K 4.M. 

"       "     "      9  .     .     .     .  ...  &.87. 

"      "     "    10 6.94. 

4ilB-  "Wind  and  itunsliiiie  affect  the  ncciiracj  of  levelliii}^,  as 
of  work  wilti  the  transit.  For  very  gowl  work  It  i»  dcHtrablv  to 
hii^'«  a  ctiliii  <iuy  on  irhich  the  sun  la  ohscurod  by  clouds.  la 
addition  to  n  proper  manipulation  of  the  instrument,  tlie  eights 
should  not  be  longer  tiian  Ti-oiu  'JUM  to  300  fept.  tlit?  rod  sbuukl 
be  held  rerticiil.  and  the  roilmaii  shoald  select  for  tuniiiig-|ioiDtH 
good  and  tirui  points  on  aloui*^,  pt-gis,  etCt  oa  wbivb  llic  rod 
II1&;  be  fre«l;  tiiroed  or  epuu  urouud. 


tt7.  Numerous  beDeh-inarka  Bbould  be  located  io  confenient 
places.  In  a  i-ity  xiicb  p1:iL'i.*»  lire  ut  lliv  iiU'ereeclious  of  atreete. 
im  door-sills  of  butlditige  which  have  beicoiue  MioroHyhly  settled. 
OQ  TOot«  of  trees,  etc.  Thero  are  oidQy  other  suitable  plaot* 
nhicb  will  suggest  theiiiB«lves. 


UBVELLIIFO. 
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HB.  Id  city  work,  in  making  a  circuit  of  levels  for  the 
eaiatitiBhiacDt  of  ^ruile  oleviitioas  and  bcnch-murktt,  the  work 
sbould  ch««k  out  witli  BO  greater  error  Uiau  0.01  foot  iu  three 
milM. 

In  ICTClling,  a»  in  nil  other  work,  rnj^ard  must  ha  had  to  the 
|diffwence  between  aflua]  miBtakes,  tliB  reHulu  of  careJeitHneiui, 
\muX  tlw-*  (Icfirte  of  nceunify  uctiiiiily  oIitaitiuMt-  by  tbe  observer. 
We  wUi  DOW  Jeacribe  &  general  metbod  of  runuiu^  it  grade- 
line  with  the  tranmit.     In  the  fiji^irc  the  irref^liu-  ItQa  represents 
the  proBJe  of  tbc  ground,  and  the  Atrnight  line  the  grade-line. 


n 


L«t  it  be  required  to  run  ngradcdtne  from^,  clcvntion  80.29, 
to  B.  elevtttion  28. 7y ;  elevation  of  plug  or  ground  at  A  33.49, 
■t  B  27.26  ;  tliei-efore  cut  at  A  tl.20  and  fill  at  li  1.A3. 

S«t  the  trAHBit  over  A :  audi  utting  the  long  level-tube,  take 
the  Hovatioo  from  a  cojivenifnt  Ivcnch.  Kiippoiic  the  11. 1, 
is  found  tf>  Im-  ^H.2l  ;  then  the  length  of  the  roal  for  marking 
the  grade-line  (called  working  height)  U  38.21—30.29=7.92. 
The  rod  will  then  lie  taken  to  H  and  held  on  the  ping.  But  a» 
the  plu^  is  I.i3  below  the  gradt-linc  at  B,  the  targel,  when  the 
rod  in  held  for  gmdc  on  tlint  plug,  will  lie  »et  at  7.^*2  +  l.M  = 
9.15.  When  thus  held,  the  observer  will  Hi't  the  borizoutat 
iToiM-buT  on  the  middle  of  Ihe  target  and  «-Ump  the  telescope. 
The  line  of  sight  will  then  l>e  a  line  parallel  with  the  pade-liiie 
riuid  7,92  sbore  it.    Care  must  be  taketi  to  u&c  tbc  rod  7.92,  and 
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not  1)'.45,  as  the  working  height.  Mi-aiiurcnivQtif  mav  uow  be 
made  from  tlic  line  of  sight  lo  det«riuiue  Uie  cub  to  iLc  grade- 
line  at  any  intentieUiatE!  point. 

Supj>08(^  nt  C  the  rod  read  5.97 ;  tbon  ttic  cut  at  that  poinl  W 
7.92  — .1.97=1.95. 

Uow  would  >ou  proceed  if  the  iuaLrumeut  wore  s«t  at  fi? 

The  cuts  or  fills  to  grade  at  tmy  (loiota  may  bo  determined  by 
taking  tliL>  eli>vHtiou8  of  tUo  grguud  at  Uiotie  i>olDt8  and  calca- 
Inting  Che  grade  elevntions  nt  the  ttanie  points.  Tbe  difforeoce 
of  ulcraUon  will  be  the  cut  or  fill  rvquirtid. 

B.    OFFICE  IN8TRUMENT& 

419.  In  addition  to  tiie  rarioiia  drnwing-inHtnnneDtB  pr«ri- 
ously  (loHcribed  the  tttudciiL  Htiuuld  understand  tlic  use  of  that 
elegant  iaatrumeut  tLe  polar  pbiuiinttlei-.  Id  adcerlAimug  the 
areas  of  figures  having  irregular  boundariea  it  vrill  be  found 
excroiutily  usfful.  He  »>l)oidd  »li4o  l>OL'ome  n«i)uaiuted  with  thit 
djffereut  methods  for  the  rapid  reproduction  of  drawings. 


SECTION   II. 


WOKE. 


420.  The  work  of  the  city  surveyor  may  be  divided  into  two 
classea:  llrst,  public  work,  or  that  which  be  is  colled  upon  to 
perform  for  tbu  city  guverumont ;  eeoond,  private  work,  or 
that  which  ho  performs  for  pHvat*  cHtizcQB.  The  former  it 
generally  connected  with  the  streets;  the  latter,  with  the  prop- 
erty between  tlieai. 

Again,  nil  of  hia  work  may  be  classed  aa  field  work  or  office 
wor!i,  the  former  of  which  we  will  now  consider. 

FIELD  WOBX. 

421.  Public  Work.     There  are   oiany  and  varied  natnrat 

features  and  artificial  iuHuences  affecting  tbe  origi&al  looatioo 


\ 
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of  a  town  or  city.  To  Um  Uiuugiitrul  Btui)«Dl  munv  of  theue 
win  n-iultly  suggest  tbeini«clves.  While  in  th«  clioiit!  of  a  »iU) 
the  suneyor  may  hnve  a  voire,  it  is  iDore  than  |>rohaliIe  cliat 
bis  work  will  couiucacc  upon  n  site  aJruuUv  sclcctti<].  Wc  n'M 
DOW  describe  some  of  bis  more  iiiii>ortaDt  duties  as  perfonned 
fnr  Uie  tuwii  or  city  govern invu I. 

432.  Street  Xioei.  Tlic  city  conBists  uC  streets  for  public 
Mtt  and  of  tlie  l>locks  boumled  by  thorn,  Ibc  laud  iu  wbicli  is 
divided  and  huM  tu  indlviduaU  Tor  tlioir  jji'ivute  use.  lleuce 
we  hare  flrat  to  cwiiRicier  the  general  plan  or  anangcitieiit  of 
the  streets,  Ibcir  widllis  (the  distancL'H  tctwoeu  house  lines)* 
mid  tbuir  distaucea  ap»rt.  TUurc  are  many  geiiural  plaus  wliidi 
may  be  adopted,  or  may  be  u^cd  ne  the  foundation  for  new 
oaei4.  Ulicii  general  convenience  and  the  cuoooiuleal  divUioo 
of  property  iire  conaidered,  I  believe  there  is  none  which 
iKtticr  ui««ti(  tliv  re({tiirt.'nietitM  tfinu  tlmt  which  is  LhurntLviixL-d 
by  two  systems  of  parallel  streets  crossing  at  right  atiglcfl. 
ATith  till*  gcnornl  arrangemeiil,  and  some  well-located  diagonal 
nruunc»,  «c  liavc  the  lay-out  of  a  beautiful  and  couveuieut 
«ily. 

Ttic  gCDcnd  directioiiB  of  tlie  strcettt  should  be  such  that  ttie 
greatest  number  may  during  the  day  l>e  visited  by  the  suushiiie. 
This  will  be  acfompliAhcd  if  one  set  of  parallel  streets  runs  in  a 
DorUieftsterly  aiid  southwesterly  direrlion. 

ETftij  mnjortiint  street  should  be  at  least  60  feet  wide,  while 
tome  of  Uke  uiaiu  streets  should  lie  at  least  UIO  feet  wide,  with 
areDoes  even  wider.  The  streets  will  then  admit  fi'eely  air  and 
•uosbiDC,  whiob  latter  is  too  often  in  narrow  HtroetK  cut  off  hy 
tall  buikUnjiK :  white  the  avenues  will  he  in  harmony  with  Uieir 
design  an  elegaut  thoroiighfures. 

Aaotber  important  consideration  which  affects  the  width  of 
•tteets  i*  (be  expi^nsc  of  paving  and  of  keeping  them  in  order. 

The  duta4ice»  of  the  Htrects  from  4'aeh  other  will  vary  very 
mueh,  aecording  to  the  purposes  far  whieh  the  ineluded  prop- 
er^ is  to  be  used,  and  how  it  i»  to  be  divided.    They  may  vary 
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from  300  to  600  feet.    The  Bidcwalka  will  bo  from  one-fifth 
to  ODC-fourth  of  the  wiUtb  of  tbe  atreeta. 

In  Mniall  towns  nn  elaborate  desigo  will  not  be  at1«u)pled ; 
but  it  is  alir&ya  best  to  bnve  in  view  tbe  possibilities  of  fatare 
growtb. 

^33.  With  tbo  truDsit,  the  surveyor  will  mn  and  exteod 
street  lines,  nod  will  turn  olf  required  borisontai  angles  on  the 
borizuntal  grsduHted  >cirL'le  of  that  instrument.  It  is  conreuient 
to  work  upon  tb«  centre  liuvs  of  the  sirects.  Two  bHiw  lines 
baring  been  carefully  located  at  right  ooglea  with  each  other, 
tlie  centre  liuw  of  the  two  set*  of  streete  will,  with  tbe  most 
reliable  meuMuriog-instrumentii  at  thf  difipofinl  of  tbo  surveyor, 
be  carefully  located  parullel  with  them  reapectively.  If  the 
land  in  quite  level,  a  2iX)-fuot  sivi-l  la]>e  Is  usefol.  If  it 
bfi  tncliuicd  aiid  irregular,  a  100-foot  tape  is  better  suited 
to  the  purpose.  In  any  cA«c,  th«  hiuid>icvcl,  pltimiD«t,  tlier- 
mometer,  etc.,  should  be  uaed.  llic  work,  like  all  work  of 
tbe  surveyor,  sliouild  Iw  carefully  checked  by  a  teal  of  tie 
different  augles  aud  dlfttAiices.  All  this  work  should  bt*  done 
with  the  greatest  care.  It  is  desirable,  to  order  to  guard 
against  future  difTlotiUicB  in  regard  to  moaeuniawDts  by  otbor 
parties,  to  make  Btreeb)  nud  block  distances  a  little  full; 
that  is,  gruater  than  they  are  actually  required  to  be  —  say 
about  one-fourth  of  an  iucli  In  100  feet.  As  the  work  pro- 
greseee.  it  will  be  prop<:r],v  marked  with  stakes,  sa  before 
dcserilMKl.  After  tho  satisfactory  location  of  the  centrc  lioM 
of  the  >ttreet.  the  houne  Hues  may  easily  be  located  tberefrom. 

424.  The  work  of  the  surveyor  mat  he  not  in  laying  out  and 
rci^ulating  n  new  town,  but  in  connection  with  one  already  laid 
out.  The  extensions  of  the  old  town  uiay  be  carried  on  in 
harmony  with  tbe  plan  alrcitdy  exitttitig,  or  th«y  may  be  on  a 
plnu  allofjiettier  di  ITcrent,  and  after  the  manner  already  described 
for  a  new  town.  He  will  And  tli&t  the  already  built-up  portiiHU 
of  the  towQ  bavc  bccD  previously  rcgulAt«d,  or  tliat  the;  ban 
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not  been.  If  tlie^  liave  been,  it  is  ntlviaablc  in  ci&rryin}^  oa 
the  work  ihereiu  to  aillierH  a»  (.-losirly  hm  ix>ssible  to  (•atabhslied 
lines.  eleTntion**,  slnnflard  of  meaaiireiuent,  etc.,  lest  any  alu;r»- 
tioiis  shonlcl  leail  to  ttX|)vuHivc  and  ui)UOCc«fiarv  legal  complica- 
tioDS.  If  the  town  lina  never  been  roguliited,  the.  Ural  stoics 
■will  be  to  regulat«  its  streeU.  lu  Ooing  tlii»  u  c-omplDto  survey 
will  bo  required.  Instnnnctil  line-'*  will  W  ciirefiiUy  located 
with  the  trnneit  ou  all  sLrecte,  and  the  angleu  at  tlic-ir  internec- 
tions  determined.  These  lines  wiU  Iw  the  basis  for  the  location, 
hy  ofTaeta,  of  all  buililiugii.  fenecs,  etc.  Ab  the  survey  goes  on, 
the  results  will  be  caiffuUy  plotted  to  a  t'Oiiveiiieiitly  liirge 
M-jde  i  and  from  the  completed  plot,  ai]  advantageonH  location  of 
tbe  streeta  may  l>c  det«rmin«d  (ipon.  Th»y  will  th«Q  Im  located 
npOQ  the  grotiiid  to  coiT«A|ion(l.  All  ini{>ortant  iiieiiHiirementB 
will  be  mode,  as  before  desL-ribed,  with  tlie  Bt«^el  tape,  with  all  the 
correctiona  cnrvfutly  attended  to.  Offaet't  to  fences,  etc.,  need 
not  be  made  with  so  niiich  care,  and  the  eorrcctions  will,  oe  a 
mle,  be  supertltioiiit.  Otirtiit;  tho  progrrsn  of  the  work  in  mi  old 
town,  a«  in  a  nt^w  one,  all  important  lines  will  be  carefully  mnrked 
with  slakes,  and  upon  pi.-rmnuent  oUjuctb.  as  houses,  cl«. 

425-  The  streets  In  any  city  or  town  having  been  satlsfac- 
torily  located  neeordtng  to  tlie  (tenerni  plan,  it  iii  necessary,  in 
order  to  preserve  work  already  done,  and  lo  prvvent  (.'onllict  in 
future  work,  that  the  loffltion  of  the  street  linen  should  he  pre- 
served. Ou  account  of  the  perishable  nature  of  wooden  stakes, 
and  the  fact  that  tbcy  may  soon  be  disturticd,  it  is  neceasu-y 
to  one  aoniething  more  pemmnent.  This  is  generally  fonnd  ia 
slouL-H.  Men.-  alouen.  or  nionumeur^  nwtd  for  [H-rinittieiitly  hold- 
ing the  lines  of  ^trectst  ore  differently  loeatod  and  are  of  differ- 
ent sizes,  dopemling  u[>oii  their  loention.  Sometiiiiea  they  arc 
(ilnecd  in  the  sidcwalka  .'i  feot  from  the  lioiEse  lines.  Then 
they  need  not  be  more  than  4  or  A  tncheti  square  and  3  feet 
in  length.  The  Hue  in  determined  hy  a  email  hole  drilled  in  the 
top  of  the  stone.  Somotimos  the  top  of  the  etoae  is  placed 
below  the  surface  of  the  pavement ;  sometimes  it  is  plaeed  fltish 
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thei-ewith.  I^r(!cr  stones  est  in  the  IntcnccticHis  oC  tbc  »t7Ctt». 
vtlMe  tbcir  centre  lines  crosii,  src  very  conv<^iii(>ntly  Bitual«d 
for  use,  aod  BfTord  a  vury  satiafiictoty  tneanei  of  marking  rtrvei 
lineii.  On  account  of  their  mure  exixMod  pmlUoii,  Uie^-  aiu»l 
be  larger  than  tboae  previoaaly  dcHrnhed,  and  shoulc]  be  set 
with  the  grcatoBt  care,  Uie  tnatcmUa  araimd  tlMUn  Knu};  ir^ 
pftokcd  and  rninmed.  Thcjr  should  be  ]Mircd  about  and  wdl 
|)raic!c-Ud  from  danger  from  tmflic.  The  stoniM  should  b* 
Mjiiiiri;  iu  cru«»<)t«ct.iou  ntmut  3  fcvt  long.  atMjui  R  iocliet*  square 
on  th(^  top,  and  aliout  1  foot  eqiiarc  on  the  bottom,  the  top  and 
bottom  being  at  right  uu);lct>  with  the  ax'ia  of  tbc  »tonc.  The 
lm«  is  dctormiiK^d  an  before  by  a  hulc  dnUvd  Id  the  top  of  the 
Btoii«.  Krum  their  situutiuu  wl-  l>uII  Lbuito  8Loup«  reatro  HLouea. 
It  Is  wdl  aljto  to  niiirk  Nnbittantial  buildingH  standing  at  tJie 
i^oniere  of  streets  iritli  their  diatnuc-cs  from  tlie  house  lines  of 
tbf  Btix-cts.  thciii:  distaacw  having  b««n  carefbUv  determined 
bv  raeBsuremeiitii.  In  general,  a  line  hariug  once  been  deter- 
mined upon  as  sftti^fuctor^,  every  available  meana  should  lM 
employed  to  preserve  it8  locatioa,  as  nnv  change  would  ob- 
Tiously  be  Btt«Dd«d  with  intxinveniencc  and  danger. 

426.  StTMt  Gra^M.  Id  the  selet'tion  of  a  elto  for  a  town, 
and  iu  th«  luontion  of  the  »ireeU«  of  a  town  or  city,  a  topo- 
graphical map  will  be  of  much  servioe.  This  map  will  show  al 
a  ghinct:  the  shape  of  the  ground  uuder  conaideraliou.  If  the 
surface  of  tlie  earth  were  t-nt  hv  horixootal  planee  6,  10,  20,  or 
more  feet  a)>art,  and  Ihv  curves  in  which  these  pianos  iulcrscct 
the  siirf.tce  were  projected  upon  a  horizonal  plane,  the  reHUlttng 
lines  would  be  culled  t-onloiir  lines  or  contours.  These  curves 
would  rc-preaent  ])oints  of  the  &uiiic  elevation.  '^Ilieir  di»laiicts 
apart  would  roprosimt  relative  iiielination  in  the  ground,  the 
curves  being  nearer  ak  the  ground  U  steeper.  Tlie  dcteruiiiia- 
tion  of  tbcsc  eootoiirs  is  an  imimrtant  feature  in  topogi-aphkal 
eurvcyiug.  In  addition  to  its  other  hkvb.  such  a  map  would  be 
of  servioo  iu  locating  aewera,  aI»o  in  ILxing  proper  clevatioiis 
uid  grades  for  streets.     Tb«  Qeld  work  nwKSBary  io  the  prep- 
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Affttion  of  lopf^npliical  mape,  which  we  will  briefly  notice,  may 
dOD«  as  follown :  Two  it«m  o(  iinrnllel  liiioe  hnvirig  l«oea 
at  riglit  iiiigic-ii  vritli  cacb  other  br  meaits  nf  the  transit 
and  (apo,  the  Icrel  vrill  be  svt  up.  und  u  number  ot  points  at 
tny  oue  olevftliou  above  tbv  datum  fou&d  with  tlie  level  und 
tlio  Tod,  nnii  tht-ir  Iwntioni*  with  rcfeivncp  to  the  two  sets  of 
Unes  deLermincKl.  Annlher  set  of  pointi  its  fur  nbovc  or  Itoluw 
tht*  formtr  as  the  plaiifs  nn;  iqinrl  will  in  like  laauDGi'  be  deter- 
mined Ai)d  located,  ami  no  on  until  tliu  entire  ground  hiu  been 
gone  over.  The  idLtove  method  of  topographical  surveying  in 
detcrmintnf;  rontourii  iit  not  li  ver^'  rapid  one.  The  stadia 
tnetbod  id  mure  ra[Hil.  and  in  well  adapted  to  large  nrens.  lu 
ulditEon  to  llie  iisiinl  hoHxontal  croiM-hiiir  in  the  IriinNit,  two 
others  are  intnxluecd,  one  above  and  oue  l)elou'  the  former. 
Tbc  iostniment  han  nlso  a  \-ertieaI  circle-  The  atadia-liairs  are 
so  arranited  lliat  when  the  level  rod  in  held  at  n  (vrtaiii  diatane* 
(i*om  the  truutit.  a  certain  uuinber  of  feet  on  tint  rod  is  included 
between  tJiem.  The  diatanve.  of  any  point  from  the  Instnimcut 
Can  b«  t]etemiine<I.  aa  it  varieH  with  Lite  number  nf  feet  inler- 
oepted  on  the  rod.  The  line  of  sight  mnat  be  at  right  angles 
to  tiie  rod;  if  it  is  nut,  a  caleulntion  miint  be  made  to  deter- 
nine  th«  diatapce.  By  this  dUt^iiiee  and  a  horizontal  angle  the 
point  is  located  horizontally. ■  The  elei^atfon  of  the  point  nlwvc 
tiie  station  ut  whiuli  the  inBtrumi^Dt  is  placed  is  obtained  by 
observing  on  the  rod  a  point  as  mueh  above  the  ground  a»  the 
telesoo|>e  iu,  and  taking  the  vertieal  uugle.  The  product  of  tbc 
borieontal  dJAtanee  and  the  tangent  of  the  angle-  will  give  the 
required  difFerencv  in  olcvation.  The  plane  table  also  Uaa  been 
nitcb  used  in  making  topographical  Hurvcytt. 

Street  grades  themselves  will  be  determined  upon  in  the 
Ottlee,  after  the  neuettsary  data  Iiii8  tioen  obiained  in  the  tield. 

137-  A  very  eonvenient  method  of  obtaining  the  data  neces- 
aary  for  tbe  determination  ot  Qlevatiou)»  and  grndus  for  the 
Kreeta  U  to  obtain  a  continnona  profile  of  the  ground  on  the 
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CGittrc  line  of  each  street.  Tlie  work  i»  done  tu  the  foUowtng 
mBtinur:  Tli«  level  having  lieen  set  u{i,  and  the  height  of 
iuHlrumuat  ilL'U'ruiinvU  fraiii  a  vunvvoicnl  Iruacb'nuirk.  au 
clevatiou  will  he  taken  ou  a  level  plug  set  at  tlie  interaection 
of  th«  ceutrc  llovtt  of  two  ))tr(>eU.  El«valiouii  n-ill  then  be 
taken  lit  stations,  say  50  feet  apart,  about  on  the  cpntre  line, 
u]c!a(tureincut»  with  tliL-  tape  biiiij;  commenced  al  Uie  inter- 
Buctiou  before  lueiitioui^il,  and  luade  carefully  cuou)(b  to  aToid 
anv  error  tJint  might  affect  the  irork.  In  addition  to  the  eleva- 
tions at  tlio  Ntationti,  cIcvntioiiR  should  Iw  taken  at  any  itttemko- 
dintfi  pointH  where  the  shape  of  the  gi-ound  abruptly  ohangea ; 
ond  the  pointo  should  he  located  by  uicasurcmeot.  These 
iiiltfnuedtate  points  are  called  pluses.  Whea  the  next  iuter- 
eection  is  reuchp<l.  moa^iireini'ntJt  will  lie  t-oMiinonecd  anew,  and 
tho  lovcllinf;  (^ntinued  in  the  same  manner.  ElevationB  on 
level  pUi|;H  at  iul«r8eetions,  on  turning-jHiinbt.  and  oa  Iteaebes, 
wliielii  if  not  previously  i'i>tHbli»liei.l  should  hv  t^stabliAheil  as  tlw 
work  progi-e&ses,  should  be  carefully  taken  with  the  target. 
The  elcviilions  for  the  profile  ahould  he  rend  without  the  target 
to  the  iionieHt  hnndrifUh.  Nueb  rirenita  should  be  made  in 
levelling  for  profiles,  and  the  levelling  on  tbu  c:ro8ii-«tr«etii 
ebould  be  no  carried  on  im  to  cfaei^k  the  work  in  every  way, 
Tb«  level  notes,  taken  »»  described  for  the  jvoSle  of  tlie  centre 
line  of  ft  atreiH,  are  Hbi>wn  hdow.     Thoy  are  from  nrtual  pnus 

tJce.     The  datum  is  mean  law  water  in  the Kiver.  the 

elevntiun  of  wliiL'h  is  taken  an  fMm.  Tlie  manner  of  plotting 
these  notes,  and  nf  deterunning  grade  lines  is  girea  under  the 
hea<l  Office  Work- 


428.  In  or(]«r  to  avoid  erron  in  .glvlog  grade  lines,  the 
^nidi'  flevutionn  at  the  intersections  of  Btreeta  should  be  per- 
manently marked.  This  may  be  douc  by  plooinj;  the  eentro 
Htonea  before  deneribed  so  that  their  tops  shall  >«  at  tlic  grade 
elevation.  In  ordur  1o  prt<M>rvo  thetto  elt^vationo  in  vase  of  the 
removal  or  dislnrbnnee  of  the  stones.  bencli-niBrku  should  I« 
eetabliehed  on  eonvenient  door-silbi  and  in  other  safe  and  mn- 
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LEVELS  ON  FIFTH  AVENUE.  SOUTHEBLT  FROM  MABT- 
LAND  AVENUE. 


For  Profile. 


Not.  21,  1880,  a.m. 


Bta. 

Oh. 

H.I. 

Ki- 

RlMABKB. 

B.M. 

61.416 

On  weit  end  of  door^ill,  etc. 

+ 

7.030 

58.446 

.... 

P. 

+ 

B.M.&fP. 

1+ 
Su.  0. 
0  +  26. 

0.870 

67.676 

10.006 
1.300 
0.000 
0.000 
I.G6 

67.580 
67.180 

60.280 

67.180 
65.63 



<  On  hlgheft  point  of  red 
t      rock,  etc. 

Ping  middle  of  6th  and 
Md.  Aves. 

0  +  36. 
1. 
2. 

0.28 
1.60 
3.91 

.... 

66.90 
65.68 
63.27 

( 60-ft.    Su.    meu.    loath 
)      from  mid.  of  Hd.  Ave. 

8. 

0.20 

.... 

60.96 

4. 

8.83 



66.36 

6. 

11.80 

.... 

56.36 

6. 

13.20 



63.98 

7. 

Ping  A    P. 

+ 

B.H. 

Su.  1. 
2. 

11.362 
4.366 
6.460 

6.13 
4.66 

60.193 

66.628 

64.713 

66.06 
66.M 

Ping  centre  6tfa  Are.  and 
Anchorage  St. 

1  Tempontry — onplugnemr 
1     fence,  etc. 
60-ft.  ita.  meat,  south  from 
middle  of  Anchorage  St. 

3. 

4.83 

.... 

55.26 

4. 

6.69 

54.60 

6. 

7.26 

.... 

62.93 

6. 
Ping  6 +  34. 

11.00 
12.224 

49.19 
47.069 

(  Ping  centre  6th  Are.  and 
)      Brown  St. 
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venicnt  pUceB.  Bceid^s  eerviDg  ns  benchM  for  t}i«  Btoncs. 
thcRP  hpnph-jimrks  will  1«»  used  in  tloiiig  vpry  oloiic  fliinl  )rY«]- 
liag.  lliL-  toiia  of  tbf  stonc-K  ticiug  too  unevcu  for  tliat  piiqiow. 

429.  Mftrtdng  of  Liaei  and  OradM.  The  lines  aod  gradca 
of  l)i<'  ^Iri'ots  liaviitg  lici'ii  (h)ally  'U'tonni ned,  and  Che  tnciuis  of 
lirudfiiTin^  Uieiu  linviog  lit-eti  u^ttabLinlied,  th«  markitig  of  these 
linvs  mid  grwleb  for  any  piiblir  work,  a»  fttif«l  extcuition  nml 
gradin^t  curb  setting,  newer  and  water-pipe  lairiagi  etc.,  <-«o 
bo  rcndily  done.  Street  linos  will  be  rim  with  tJie  transit; 
and,  in  the  ninauer  previously  desoi-ilied,  grade  lines  will  be  ran 
with  the  MuiiK  iiutiLiiifUt.  Th«  tii»rkiiig  of  8tf««l  1int»  and 
gradeii  frtr  tlio  imri'twp-''  mRntinned.  the  giving  of  lines  siid  ele- 
vatioDS  for  olLcr  public  wurk,  nnd  mcaHui-ementa  of  rarioua 
kiiidR^  oa  of  carthtrork,  oniistitiite  the  principal  port  of  the 
fluid  work  to  Ue  doim  for  the  lowii  or  c-ily  guvumint'Ot  by  tile 
iHty  or  tuwii  ttiirv^iror;  or,  sis  the  officer  who  docjt  this  work 
ma;  have  more  extended  daties,  the  principal  part  of  the 
iurwjiwj  to  be  done  by  the  city  cuirincor. 

430.  Private  Work.  Coiiliimiiig  tlio  dL-WLTiptioii  of  the  field 
work  of  llitr  town  ur  city  surveyor,  we  will  notice  the  8econd 
general  class  in  which  Iiih  work  is  comprise<I ;  that  id,  work  for 
iudivtdimls,  or  private  work.  In  gotierul,  —  for  other  duttta 
in  this  connection  will  fall  to  his  lot,  eui'li  as  surveying  Ift^ 
tracts  aet'ordiug  to  methods  already  dcKeribod,  etc., — this 
work  will  consist  in  mni'king  property  lines  and  in  giving 
grades  and  clcvatious-  Ai*  a  rule,  in  ii  town  or  city  more 
property  linee  are  marked  for  buildings  than  for  any  other 
purpo«te.  WL«u  the  itiirvi'vor  is  cftll<Ml  npoa  to  locate  the 
linett  of  a  lot,  his  tlrst  inquiry  will  be  as  to  the  daU  by  which 
to  locate  them.  It  iB  of  course  undenttood  that  In  this  con- 
nvcUon  the  only  power  of  the  surveyor  is  to  locate  linen  uccotd- 
xos,  to  given  data,  not,  as  many  peraons  seem  to  think,  to 
eatablish  of  \i\»  own  roUtton  new  lines.  So  w«  will  InqalR 
iriiat  is  proper  data  for  locating  such  lines.     In  general,  the 
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party  tleairing  to  have  the  lines  or  a  lot  inavked  will  producs 
bU  d«e<l  for  tbe  projicrt}'.  Tbu  yuuug  sur\'L>yur  will  be  inclined 
to  think  that  the  distiinccs  given  iii  dveds  sre,  as  to  the  lora- 
tion  of  linen,  final.  This  \f>  iiut  always  tho  caae.  Vrlivo  walU, 
alleys,  stones,  and  other  permanent  InndmnrkH  arc  called  for, 
and  cao  be  found,  tliey  will  take  prect^deiice  uf  i.)istauceit  io 
locating  lines.  "When  walla.  feneeB,  and  other  holdingn  prove 
undisputed  iK>n4fis»ion  fur  a  pfri^sd  of  yearn,  though  they  may 
□oC  be  described  in  tbe  deed,  tJiey  gOTern.  la  such  ca»es  it 
would  bo  ftuperOuous  to  mark  lines.  In  UtwaM  and  cities  lots 
are  now  as  a  mle  located  from  the  atreetA.  Let  us  take,  in 
inarkiiig:  ttie  lines  for  a  lot,  an  usuinplv  from  actual  practioe. 
Tbe  description  taken  from  the  deed  is  definite,  and  is  as 
follows : 

Beginning  at  tbe  easterly  side  of  West  Street,  between 
E%htb  and  Ninth  Streets,  at  tbe  distancv  of  2i3  feet  from  the 
soutlieriy  side  of  Ninth  Street;  thence  easterly,  parallel  with 
Ninth  Street,  132  feet  to  n  comer;  thence  southerly,  parallel 
with  ffeat  Street.  1H  feet  to  a  enrner;  then<'«  westerly,  par- 
allel with  Uie  lirat-duscribed  line  and  Ninth  Street,  I.'t2  feet  to 
the  aforesaid  easterly  side  of  TVest  Street ;  and  tbent-H  thereby, 
northeriy,  2S  fL-et  to  thr  jilarc  of  beginning.  Tlie  lot  is 
locBted  u  shown  in  the  akctoli.  The  owner  desired  t<i  hay* 
marked  upon  the  ground,  for  use  io  building,  the  two  lines  par- 
allel  with  Ninth  Street  and  tbe  line  of  the  eaiitcrly  side  of 
West  Street.  In  order  that  (liey  may  not  he  ivninred  in 
mskiog  excavations  for  cellars,  walls,  etc.,  the  nail  plugs  to 
mark  the  lines  are  set  S  or  1  feet  outside  of  the  lot.  In  the 
akeUlb.  S,  S,  S,  S  repiv»ent  the  stouo  monuiueutM  set  at  the 
iiitws«ctiotis  of  (he  centre  liuefl  of  the  streets  to  mark  lines 
and  grade  elevations.  Each  street  is  49  feet  wridc.  In  mnrk- 
iug  the  lot,  points  j>,j^  will  he  tikvu  in  the  centre  line  of  Nintb 
Street.  From  tJieso  |)oints  (if  there  are  tio  olmtruotions  that 
prevent)  lueasiircuients  will  be  made  pamllvl  with  West  Street. 
Twenly-fonr  feet  six  inches,  half  tiie  width  of  Ninth  Street, 
and  223  feet*  tbe  dislAui.-e  from  the  southvrlv  8tde  of   Ninth 
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i>tre«t  to  tb«  noi^herly  aide  of  Uie  lot,  -will  be  lojd  domi,  aod 
n&lls  placed  iu  nail  \y\ugs  nt  a,  a,  to  marh  the  nortjierly  line 
of  the  lot.  From  thp«c  Iho  8O0th«rly  liue  will  be  locnU^d.  In 
a  siniiliLT  ituiniier  the  front  and  hack  lines  will  hf.  located. 
Liiiea  strained  from  a  tu  a  nutl  ftoin  b  to  b  will  crotw  at  c. 
pvioj;  a  coiner  of  the  lot,  tiic  nail  plti£8  being  undisturbed  as 
the  work  of  biiildiiig  [»pogre8««8. 

If,  on  account  of  im^iiuisablE^  f)bRta<^lDN,  oa  bnildtngn,  wnlU. 
etc..  a  luuasurciitciit  lutiuot  be  made  from  Niiilh  Street  to  the 
place  for  the  anil  plug  u  back  uf  the  lot,  Uie  marking  of  the  side 
linos  will  be  done  n«  follows  :  The  Koiitlicnst  nnglo  at  tbo  intcr- 
Kcctini)  of  Ninth  and  West  Streets,  811", 51',  if  not  known,  will 
be  ukcu.  Id  uddltSoa  to  tlic  |)uinUt  taken  id  the  centre  tine 
of  Wcet  Street  for  use  in  locating  the  front  luici  back  linea  of 
the  lot,  AD  additional  point  p'  will  be  takoD,  and  at  this  point 
the  angle  89°  51'  will  be  thrown  in,  and  the  random  line  p^p^ 
1oc'at4>L)  parallel  with  Ninth  Street.  Ou  Uiis  miidoni  Udb  points 
for  the  location  ol'  llie  side  linem  will  be  taken.  Now,  suppoM 
the  point  p'  is  found  by  measureraeat  to  be  257  feet  and 
C  inches  from  the  centre  of  Ninth  Street  (all  corrccUon»  haviag 
been  made),  or  2:i.1  feet  from  the  aonthorlv  aide  thereof.  Then 
the  uoriln-'Hy  side  line  will  be  located  by  roensuring  northerly 
from  tho  line  ii'p"  10  feet,  and  the  auulherly  side  line  by 
measuring  southerly  from  the  line  p'p"  IK  feet.  If  tbe  soi^ 
reyor  is  in  posscnaion  of  an  instrument  thoroufjlily  reliable  for 
uee  io  angular  meaHurements,  the  latter  method  of  marking 
side  lines  is  to  ba  preferred.  When  one  measurement  is  made 
along  a  sidewalk  where  there  ore  no  obstnictiotis,  aod  the 
otlii'r  through  fences  and  orcr  Tarious  obstniottoiu,  it  is  tuirdly 
poaaible  to  obtain  the  decree  of  flccnraey  that  may  be  obtained 
by  the  Hiigulur  iiieiliud.  Sometimes  it  may  be  neceaaary  to 
turn  otf  an  angle  from  the  rau(l<jm  tine  in  order  to  locate  the 
buck  line  of  a  lot.  The  location  of  lines  is  often  marked  by 
nails  in  fence<>.  incasuremcnts  U>  houses,  walls,  etc.,  insUsd 
of  by  nmU  in  plugs. 

After  tbo  Btr«et  llnea  have  been  locateil  and  marked,  die 
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woHc  in  etch  block  shonld  h«  done  intlepeiidcutly  of  tbc  otb«r 
blocks. 

In  llie  iatervabi  Iwtween  routine  wgrk  it  is  desirable,  in  cotmec- 
tion  wiUi  gnlliering  utlicr  data,  to  take  and  record  in  a  suitable 
book,  for  lUKi  iu>  dcttwibcd  uIkjvc,  the  angles  at  tlip  intersections 
of  tb«  streets,  thus  saving  tiue  in  lunrking  tbc  liitce  of  lots. 

Tlie  location  from  lh«  deed  of  the  lines  of  a  lot  i&  not  always 
so  easy  as  in  the  examiile  given.  It  i«  fr«|Heiitly  tlir  wine 
tliat  thu  distanucB  trivca  arc  indcEimtc;  nometinieH  none  are 
^vea.  ItJ  AucI)  caei«n,  ia  tlie  ubttcuc-e  of  L-stutiIiHli(.-<I  lioldinga, 
or  other  means  of  determining  the  location  of  i>roperty  lines, 
the  matter  muKt  iie  settled  by  nn  arraugcnicut  Ijottraau  ndjoio- 
ing  owners. 

In  Bome  cascft  a  lot  is  deecribud  iu  whole  or  part  witboat 
di«tuioe»,  but  as  l>ouuded  by  t^e  jtrop^rty  of  other  ovners. 
In  MM^  ft  eiuc  tlio  location  of  the  liiu-n  may,  if  tlu>  dcscrigitirtiiH 
ID  the  deeds  of  thea«  other  pruprieion*  aru  niilllcieully  detiaite, 
be  determined  by  marking  the  lines  of  the  other  lots. 

431-  The  city  or  town  aurveyor  wtti  frequently  l>e  called 
upon  for  BurveyH  to  loi^rutc  new  lines  witb  refercuce  lo  llie 
■trevt  lines,  or  for  HUrvcys  of  tracla  of  land  iu  or  adjoining 
tlie  city  or  town.  In  such  caao?  hi*  mnnner  of  working  will 
he  baved  upon  tlic  Tiietbods  of  land-surveying  already  dowriliL'd. 

Private  parties  will  fretiiieully  require,  for  u«e  m  htiilding 
opcmtiooa.  tla;  marking  of  grade  lines.  Tlits  will  be  done  in 
ttie  manner  iireriously  described.  In  marking  tlii.^  ^rade  and 
height  of  tbc  building  line  in  front  of  a  lot,  it  will  very  often 
be  found  convenient  to  mark  tlie  tupn  of  ibo  front  line  plugs 
as  so  much  above  or  below  grade  elevation. 


B.     OFPICK   WORK. 

432.  like  the  6cld  wurk,  the  utIicL-  work  of  the  surveyor  may 
l>c  clateificd  as  Publk  irorA-  and  Private  Wvfk. 

433.  Pablic  Work.     All    field  notes   should    be   snllicieutly 
elaborat«  lo  be  understood  by  tbose  who  may  huvi-  occasion  to 
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refer  to  them.  Tliey  should  be  c:arefiilly  Arrftaged  and  lodezed 
ltk«  all  other  office  reconlet  for  corivfuimt  reference.  I'lotsof 
work  HlicmlJ  Ije  miide  wheuever  they  will  aid  is  Uic  prcsfin-ktiou 
aud  prupoi-  Dudera landing  of  wurk  done  in  tbe  field.  Wfaen 
plans  are  H«nt  froin  the  office,  capieK  ahoidd  alwaya  be  rstaineil. 

48ft.  It  is  deeinible  tlmt,  besides  the  acccssanr  general  plaoii 
of  tbe  lowii  or  oity,  tho  nHrveyor  should  bave  in  die  oBicc  two 
Mta  of  phiiiH,  of  a  size  cnnv«niont  for  liandliii^,  rt-prew-iKJng 
the  cit^'  in  aections.  Fur  tlieac  plana  a  liorizontal  scale  of  100 
feet  to  tJie  iuL-li  Iti  Miitable. 

The  first  set  should  rc[>reseat  street  lines.  On  thciu  should 
be  plucvd  idl  thi>  Htrctn  lii)«g,  nnd,  in  figures,  tlie  widths  of 
strootit  snd  bloc^k  distaiici-'B.  also  the  location  of  Hrevt  nionu* 
meiiEs.  mcusureiiiL-uta  mitde  from  lituc  to  limo  between  centre*, 
att^luo  nl  the  iiiu.-i-»ectioiiH  nf  the  centre  lin«8  of  streets,  and 
any  other  data  of  n  lil<o  nittiire  giving  iaformatioa  in  regard  to 
liorizontal  niea)«ureinciili>,  whether  of  liae«  or  anglca. 

Tho  seoond  set  should  represent  street  grades.  On  thoin 
ahould  be  placwl.  as  on  tUuse  of  the  other  set,  tJic  street  lines 
and,  in  figures,  the  widths  of  streets,  block  distances,  atxl 
location  of  Klrcot  monument*.  In  addition,  there  shoidd  b* 
placed  upon  thom  the  profiles  of  the  centre  lines  of  tlie  atreeu. 
These  plans  will  be  ustfd  iu  d(?terminiu{;  grade  lines  for  the 
Btrecls,  which,  iiftfr  tliey  have  been  det«rniitied,  will  be  placed 
npuii  the  plans,  with  the  grndc  elevations  (0.£.]  and  Mtrface 
elevationi*  at  tho  intersections  of  the  centre  line*  of  streets, 
grndc  elevations  at  curb  coruers.  ujid  any  other  data  giving 
informatiuu  iu  regard  to  vertical  ineaaureuieuts.  The  street 
lines  having  been  Inid  down,  we  wUI  explain,  in  coanectiop 
with  the  accompanying  sketch  copied  from  a  plan  in  aetaal  lur. 
how  the  data  given  on  page  3G^  would  he  used  in  placing  ujwn 
the  pliiu  th«  (iroHle  of  the  centre  line  of  Fifth  Avenue,  am) 
then  how  the  plan  would  be  used  in  dctcnniiiing  suitable  grades 
for  the  strceta. 


I 
I 
I 


435.  If  tha  poiuUwhoae  eleratioud  have  been  detenuioed  by 
tbe  level  be  coDuectod  bv  a  line  iu  a  vertioAl  plane,  euch  a  U&e' 
w  called  »  profile.  Tho  block  distaucL-  from  Maryland  Avenue 
to  Anchorage  Street  U  297  feet  and  9  inclieH,  from  jVnchorafCe 
Street  to  Bmwa  Street »  294  feet,  from  Cedar  Strt-ct  to  Fiflli 
AvcDUP  in  264  fuel,  And  From  Fifth  Aveuue  to  Sixtlt  Avenue  i» 
160  f«et.  Maryland  Avenue  is  64  feet  and  d  inches  wide, 
Ancbongo  and  Brr>wn  Sirc«t«  ciiclt  Id  feet  wide,  luid  Cedar 
Street,  Fifth  Avenue,  and  Sixth  Avenue  each  30  feet  wide. 
Tbe  sidewalks  on  Cedtir  Struct  and  un  Fifth,  ,Sixth.  mid  Mary* 
land  Avenu&H  are  li  fee^t  and  1)  inches  wtdr,  and  on  Anchorage 
IDd  Brown  Streets  arc  U)  feet  wide.  By  the  hkc  of  the  [>rotil& 
of  Fifth  Avenae  we  will  illustnita  how  the  prolUeB  of  the  centre 
linea  of  the  strevtM  arc  pla^^^d  iii>oii  tliv  plan.  The  irregular 
lines  represent  proflleH.  The  profile  in  commenced  by  oonflitler- 
ing  the  centre  line  of  Fifth  Avcauo,  a*  drown  on  the  plan,  to 
have  the  clexation  tiT.lHl).  whieU  ia  the  elevation  in  tlic  noted 
for  tbe  Rurfitce  or  the  ^j^iind  at  the  iuterHcctluu  of  tliv  centre 
line^of  Fifth  nnd  Miin-lnnd  Avenues.  The  atations  and  plnses 
as  given  in  tlie  noteK  are  then  laid  down  hy  scale  on  the  centre 
line  of  FifUi  Avcauc.  in  tlio  order  iu  which  they  wure  taken  m 
tbe  Held,  boginning  at  the  centre  of  Maryland  Avenue.  The 
elevation  at  each  of  tlie  |Hjintx  thus  locuWd  it  then  plotted,  in  a 
perpendicalar  to  the  centre  line  at  that  ]K>int,  with  reference 
to  the  ccDtrc  line  elevation  €7.180.  In  this  cu»e  th«  ijointa  ol>- 
tained  will  all  fall  below  the  centre  line.  These  poiiitu  are 
iwiut«  in  the  prolik',  and.  Wiug  Juiiicil,  will  give  thu  prolUe  as 
shown.  The  prollle  of  Fifth  Avenue  having  h^en  Htarted  at 
the  elevation  of  the  gn)untl  at  the  inlcrsuetion  of  Fifth  aud 
Maryland  A^'Viiuetr.  la  etaid  to  be  stviiui:  un  Maryland  Avenue. 
Iu  the  sketL'h,  the  proliles  of  Cular  Street  and  Sixth  Avenue 
aim  are  swniig  on  Mnryland  Avenue.  ThoBC  of  jVjichornge  nnd 
Brown  Streeta  are  swung  on  ('edar  Street. 

436.  A  little  thought  will  make  it  evitlent  to  the  student  that, 
as  tbe  dllTorcncea  of  nicvntioii  are  small  as  compared  with  the 


374 


PLANE  SUKVBVU>'6. 


horizontal  dietaoces,  it  botli  trere  plotted  to  the  eame  scale,  or* 
08  wc  9iiy,  if  the  vertioni  and  horizontal  scales  v«r«  made  ec|ual, 
tlie  iliftereiioes  in  elevation  will  sc^urcely  b«  apparent.  Tlit»  b 
rvmeiliej  by  couvenieiilly  ex:ig(;«rattDg  llie  Teitical  scale.  For 
exAni|>le,  if  the  horixoiiml  scale  be  made  100  fwji  to  the  inch, 
the  vertiral  Hcate  might  !)«  niadu  10  r«et  to  thti  iiicli.  In  tbe 
sketch  the  two  scales  have  tlii^  ratio. 

KxKunsK.  Let  the  student  select  scales,  and,  in  the  msnDer 
(IcKcrtbed  above,  prepare  a  i»rolllu  tram  tbu  Held  noieii  given  on 
[lage  yAG. 


437.  Having  thus  [tlotted  the  streets  snd  profiles  in  a  lai^ 
area,  w«  uidy,  by  use  of  th«  plu.u  thus  inude,  d<>termiue  snitaUe 
grades  for  the  streets.  This  will  involve  cweful  study  of  the 
sbtipe  of  the  ground,  tcicution  or  watcrcoiireee,  prohsble  loca* 
tion  of  sewers,  und  effect  upon  protjcrty.  The  effect  of  a  pro- 
poDcd  grade  foroue  street  ujiuii  thcise  which  it  crosses  mnst  be 
particularly  DOticed.  To  properly  perform  iliis  work  involve* 
that  knowledge  and  jiulgint>nt  which  cnn  only  be  acquired  bjr 
long  fxpci'icooe.  Thv  stnii;*ht  lines  dravn  in  connection  wltb 
the  profiles  i'«pr«seDl  tbe  surface  ifradi.'^s  of  tlio  finistied  etreetn. 
In  llxiug  the  yiiidi?  for  Fifth  Avenue,  tiiosc  of  the  otlicr  streets 
having  l>een  tak<>n  into  consideinlimi,  it  was  found  best  to  havs 
a  cut  of  2  feet  at  Maryland  Avenue,  no  i-ut  or  All  at  Ancboragi 
Street,  atid  a  cut  of  i  feet  at  liruvru  Street.  Tlie  elevatiOBS 
of  the  surface  at  the  intersections  of  Fifth  Avenac  villi  Hary- 
land  Aveiiue,  AnchoT.<ige  Sti-oct  and  Krown  Street,  are  respec- 
tively 07.1AO  on  the  ground,  da.fi'28  and  47.36»  on  plugs  fiush 
with  the  ground.  Tlie  giude  Hue  bavinj;  licen  Gxct).  tlie  grade 
elevations  <(;.E.)  at  the  ccntreb  are  respectively  So.18)),  5.1.838, 
and  4fl.9£!),  and  the  descents  il.35  feet  aud  0M6  feet,  as  shovn 
in  the  sketch.  The  nature  of  grades  will  depend  much  ujioii 
local  cuuaidfrslionn.  (iradca  ohould  idvrays  \je  steep  enough  to 
secure  proper  draiitage.  The  indiiiatii^n  should  not  be  less 
Uum  1  iu  100.  Constderiug  the  accumnlatious  of  dirt  on  wan^r 
'Of  our  city  streets,  from  1  to  1.3  in  lot)  is  to  be  preferred. 
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438.  In  eti-eet8  id  wliicrh  eiirfuce  water  is  carried  <m  the 
ebeetfl,  Bome  streets  will  ciiiry  tlie  water  in  giittfrs  aci-osa  olli- 
crs.  In  Ihc  sketch  such  strceW  are  iodicated  by  baviiii^  jiitows 
drawn  in  their  directiniis  across  iiitc^ivttctions.  In  this  rnaaimr 
Fifth  Avouue  curries  Ihe  wnter  nerosa  Brown  SlrecC,  nnrt  An- 
chorage Street  C3rrifi<i  It  norcwit  Fiftli  Avenu<>.  The  wat4*r  flow* 
ingoii  Fifth  Aveniip.  fmin  Maryland  Avenue  tovrnrds  Auclioni^u 
Street,  will  turn  itito  Anchorage  Street.  The  opposite  aiiie  of 
Anchorage  Stn>et,  nt  the  hoiiae  line,  will  he  n  knuckle  ns  high  ns 
tlie  ceatre  of  the  street :  ami  the  wster  will  flow  from  thnl  jmint 
towards  Brown  Street.  In  fixing  graden  {^rifat  core  tuiiat  be 
takeo  to  eo  arrange  them  that  one  street  ebnil  nut  be  overtiuced 
with  water  from  the  othorri.  An  outlet  for  the  surface  water  n 
formed  in  the  natural  watereoureeo. 

^  If  the  graJe  of  Anchorage  Street  were  very  beavj',  so  that  if 
'continaed  across  St  wotilil  make  one  side  of  Fifth  Avenue  muelt 
higher  than  the  other,  it  would  he  detsirabld  to  break  the  grade 
of  Aneboragc  Street  at  the  curb  lines  of  Fifth  Avenue,  giving 
only  BufQoieut  fail  to  curry  the  water  across  the  Avenue. 

439.  If  the  section  ia  newered.  ami  if  the  sewers  are  made 
large  eooiigh  to  carry  the  Hurfucc  water,  the  guttcra  a<:roH8  the 
ttr««u  will  he  di8i)en8ed  with,  and  inlet*  to  the  sewers  placed 
at  the  curb  coreeni  of  the  blocks. 

440.  It  in  often  convenient  and  unetul  to  bftrc  plotted  oa 
Mparate  tttrects  the  profile  and  grades  of  each  street. 

441.  Besidt^tt  making  street  and  grade  plana,  it  will  be  a  part 
of  tbe  office  work  of  tlie  aurveyov  to  plot,  in  the  usual  manner 
of  plotting  such  work,  the  eiirveya  marlo  in  and  about  the  city 
or  towD,  for  both  the  city  and  individuals. 


443.  lu  some  cltleB  a  rogiatry  of  property  is  kept.  The 
plotting  of  lolH  in  suitable  record  tK>ok8,  and  the  keeping  np  of 
tbe  records,  will  be  a  part  of  the  city  surveyor's  work. 


443.  Private  Work.  Thin  Jiicludefi  the  preiv»raiion  of  My 
ptaiiH  urdcvtil  for  their  owu  nee  liy  partj(»  other  Uuta  thos«  cob- 
a«i:t«i)  ivttU  tlie  cily  guvvmuieut. 

CONCLUSION. 

444.  The  stuctent  must  bear  in  mind  that  h«  cnn  never,  ftOED 
books,  learu  to  be  aii  occompliBhed  surveyor.  TUt-  praoUoe  U 
«ver  in  sdrance  of  tlie  booka.  Thougb  he  should  store  liia 
Blind  with  book  knowledge  upon  the  ttubject,  he  will  yet  be 
wantiug  iq  the  knowledge  Aud  rcndincss  regarding  actual  work 
which  can  UDly  be  acquired  by  a  lung  experience.  Slaoy  oper- 
ations ntiich  OAu  with  ililllciilty  be  iimlervluod  from  imgesoT 
exi'laimtioii.  will,  when  their  actual  iwilorraance  is  nccu,  I* 
cumpreUcDdi'd  iu  a  short  time.  Again,  there  is  that  which  can 
never  be  !eai'ned  from  books  ;  that  is,  the  jiidgiaeiit  which  miut 
be  coiislaatly  ext^reiised  in  pnictmiug  tlie  delieale  dulieH  of  h  citj' 
surveyor.  Among  other  things,  this  Judgment  will  teach  him 
to  be  vtrry  cautious  about  giv'iHg  voluntary  advice,  and  corcAil  in 
giving  oven  tliat  wlueli  Ik  reqH**ted  ;  ti>  perform  hta  duties  ooa* 
BC'ieutiouBly,  ami  to  keep  ele-ar  oC  all  entangling  lUliancca.  Let 
hiui  Ivaru  evurylliiug  couu«cti*d  with  a  complete  perfonnatic* 
of  hiA  work,  from  thi?  work  of  the  axeman  iip :  that,  when  he 
dirccti).  he  may  do  it  with  the  samo  grace  with  which  he  should 
ever  follow  the  dii-ectious  of  lii»  superior!. 

The  praetiue  of  city  surveyiug  is  a  most  excellent  drill-  If 
conscieiitionsly  perfonuM,  it  will  develop  careful  and  thought- 
ful habits.  However,  in  piarticc  the  etudeut  will  also  Imvc  to 
Icnrn  to  avoid  *' ftissiug"  over  work,  aud  to  proportiou  to  the 
importance  of  the  work  in  hand  th«  time  and  care  speot  upon  a 
particular  work. 

BOOKS. 

446'    Valuable  information  rcgartltng  the  iQalter»  treated  of 

In  tills  elmpter  will  Ijo  found  iu  the  following  publications  ; 
The  manua-Is  and  catalogues  of  iuBtriimeat'iuaken. 
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"A  Treatise  ou  the  PrincipleB  nnd  Prsctice  of  Levetling,"  by 
Frederick  W.  Simnis:  publiBhctl  by  D.  Vnu  Noetrand,  New 
York. 

'*A  Dexcriptive  Treatise  on  MatlicinaUcal  Drawing-Iostru- 
ments,"  by  William  F.  Stanley  ;  piililielied  by  K.  &  F.  N.  Spoo, 
New  York  au«l  LoHduti. 

*^A  Manual  of  Drafting  Instruiuetits  aod  Operalious,"  by  S. 
Edward  Warren  ;  piibiished  by  Jobn  Wiley  &  Son,  New  York. 

*'  Tim  Draiiglitemaii'ti  Handbooii  of  I'lau  aud  Map  Drawing," 
by  George  .S.  Andi-<^ ;  piibliNlied  by  E.  A  F.  N.  Spon,  New 
York  and  London. 

Tbe  atudent  of  aurveying  who  wishes  to  extend  his  stodiea 
into  tbe  field  of  ofty  engineertug  will  And  information  opoD 
that  snbjeot  in  the  nntncroiis  worka  tipon  its  spetnal  branpho». 
and  in  the  current  tcclmical  pcriadicals  of  ttml  cIu^ih.  Much 
infonuatioa  regarding  present  American  practice  iu  city  engi- 
neering will  be  found  in  the  series  of  papers  on  "  Municipal 
EogUtOMlDg  "  now  being  published  iu  "  Kiiginouring  News." 
When  completed,  these  in  book  rorm  will  make  a  very  aseful 
volume. 
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446.  The  Hurrey  of  undcrgrDuuci  excavadoni*  (minpfi)  to 
di-tiTiniac  Uicir  poaitiun  tiud  t^AU^tit  may  be  priocipiilty  for  the 
purpose  of  piojcvtiug  tbe  poiute  apoa  a  borizoittal  pliuiv  ns  in 
tiuid  Dtin'vying. 

But  in  striitn  of  high  inclinfltloii  and  ID  ctvernoiis  8|>acgs 
variouit  vertical  projections  will  be  needwl  to  complete  the 
grapbicAl  rcprvseututiou  of  the  workings;  and  in  Stuturc  vein 
the  elevation  may  be  more  importaut  thau  the  pl&a. 

447.  Surveys  to  depict  areas  uodut-grouud  may  be  made  nitii 
surveyors'  cumpnsB  and  cliatn,  but  genei-nlly  now  the  trnnsit  or 
tlii>udulit«  i«  [itmd  U>  tulcti  tht>  uiigles,  aud  the  steel  tape  to  mt^as- 
ure  the  dUtarices,  and  la  ^onu-  mines  the  tape  may  Ix.'  with  ad- 
Tsatagc  hundreds  of  foot  in  length ;  but  generally  £0  feet  for 
the  chain  or  lOU  feet  for  the  tape  are  uiottt  euuveuient  Ii-ogUu. 

448.  The  surveyor  and  each  aasistant.  of  course,  require*  a 
Inrup,  and  "the  si^tita"  are  ranged  with  lamp  ntid  plummet, 
the  sight  from  the  instrument  behig  taken  u|H>n  the  flame  of 
till.-  miuet-'s  lump  (oe  caudle,  it  may  be)  aultably  held  at  tlie 
plummet  line,  whiirh  is  held  to  d«j>end  from  a  point  fixed  or  to 
be  fixed  in  the  "roof  "  or  over  a  point  in  tbo"hotlom."  The 
plummet  utritig  itself  may  Ih>  seen  within  'AOO  feet.  A  chala* 
pill  (arrow)  eau  Ije  u»ed  to  pluiuh  the  light  over  or  under  a 
point.  It  ia  adviaed  to  display  the  light  at  a  station  for  siylU 
only,  aud  therefore  iu  moving  it,  for  any  reason,  other  than 
verticoJIr,  in  giving  the  point,  it  ahauld  bo  hidden  Grow  tlw 
observer. 


I 
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The  poiDt  m«T  be  nutrkiMl  by  &  naU  in  tbe  Umber  cftp  or  sill, 
or  be  a  nail  in  a  peg ;  tbe  place  of  tb«  point  in  smooth  roof  is 
to  be  made  coo8picuou»  by  a  ring  of  nhite  patnl  around  it,  and 
also  aa  it  may  be  by  reference  marks  at  the  aidea  (pillars)  <rf 
the  passage-way. 

It  13  a  refiaeuKitt  to  use  a  lamp  wbidi  is  also  a  plummett  and 
farther  to  place  an  extra  lamp  on  the  bottom  under  it ;  two 
IJgbt*  Mteo  in  the  vertical  line  making  its  place  more  certata, 
and  helping  to  decidt-  tliat  the  sight  is  ready  to  ))e  taken.* 

It  may  happen  that  the  line  of  reflection  from  abrading  water 
can  be  taken  for  the  line  of  incidence  of  a  light  held  under  a 
point,  vben  tliu  roof  drooiM  betwoi-u,  tlic  passage  being  "in 
swamp"  tliere. 

The  anrveyor's  lamp  b  made  entirely  of  brass  or  copper,  so  as 
DOt  to  affect  the  magnetic  needle  of  the  instrument. 

For  ose  in  low  openings  the  tripod  of  the  iustrumoDt  must  be 
one  of  short  le^  (an  extra  set  of  shifting  legs  will  answer  tb« 
purpose),  or  have  extvneion  legs. 

It  baa  been  suggested  to  use  two  extra  tripods,  one  to  set 
up  in  adrauve,  for  keeping  the  pluee  of  fore-t<tghl  nod  for  reoeiv- 
ing  the  inslmment  alone,  carried  forward  to  he  mounted  there 
at  the  same  exact  spot  with  facility,  while  the  tripod,  left 
sLmding  ut  thv  luet  pln«e  vt  the  iustmmviit,  marks  Uic  puint 
for  badc-aight  with  oquat  certainty :  tbos  each  of  thr««  tripods 
taking  lU  turn  in  being  at  a  place  for  fore-sight,  remainiitg 
there  for  mounting  the  instrument  upon  it,  and  atill  rt-maining 
for  back-sight  after  the  instrument  is  taken  for  mounting  at 
next  station.  There  are  obvious  objections  to  tltis  in  the 
weight  of  thti  luggs^,  and  that  only  some  instrumenttt  aire 
made  for  such  ready  aeiiarate  handling. 

Some  rays  of  light  must  bv  thruwn  into  the  telescope  at  its 
object  end  to  make  visible  the  orofls-hairs  therein,  'lliis  is  gen* 
enUly  done  by  the  aunreyor,  while  taking  a  sight,  bolditig  his 

*  KcUcjr  B.  Cox^  ileriBed  the  plummel  limp.ind  alio  s  fona  af  il  with 
irtn-gaost  coTrriag,  Uks  the  Dsvy  Bslotj  Lamp,  fer  nic  where  fl(»4aaaip 
niay  be  cipevtML 
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lemp  in  his  left  haad  at  the  front,  but  a  little  to  ooe  aide  of  tb« 
obJect-glAHt;.  A  rudoftor  nioiiuted  ut  ttic  objvct  end  U  a  help. 
One  iH  a  flilveved  tint  ring,  nuiiiding  bias,  about  '2  inc]ie«  forward 
from  8  collar  whicli  is  Blipped  over  the  object  end  of  the  lele- 
Bcope.  It  reflects  light  into  Ltiu  iiistrtiincat  n«  an  annular  beoni. 
Another  one  is  a  dimiaiitive  hemisphere  which  ecatters  light 
Cftuglit  from  the  lamp  into  tin?  tube. 

The  change  to,  and  the  eqiuible  temperattire  of,  the  mine 
req^iiru  thu  trviu};  and  favor  the  m^iug  of  ttic  ordinary  udjuat- 
mentfi  of  the  ingtrument  there. 

449l  Stations  are  generally  made  only  at  the  angle  points  of 
siiTTry  lines,  and  are  therefore  uol  i-L-giiltirly  distuueed.  Tbcj 
may  be  nitmhered,  lettered,  or  deaigimted  by  the  total  dtataoM 
from  the  zero  of  the  mcnsarement*  of  their  Uoe.  iDtetnediate 
pointfl  are  made  on  the  linp  where,  opposite  to  lateral  openings, 
other  liuvH  uf  Hiirvey  or  imporliint  ttliurt  eonneeUunA  by  uieaanri!- 
ment  merely  may  start.  The  corners  of  chambera  nloiig  tite 
passage  may  he  noted  hy  distniice  without  making  points ;  the 
size  and  position  of  parts  of  chambers  being  afttrwardft  t»k«ti 
and  noted  by  aketeh  with  dimenaions  relatively  marked  tliervon, 
there  being  mostly  a  pnralleliitni  in  the  rock  measures  which  &im- 
pHfiea  the  poNilkm  and  flhape  that  ehamhtra  take,  so  that  bo 
special  survey  of  dii'cctionB  ie  regularly  required  for  tbom. 


4S0l  Angles  between  vortical  planes  of  sight  (in  azimuth) 
are  noted  for  obtaining  the  courses  as  reclurofl  conrses  from  Hie 
ioiliul  course  of  ftur\'cy,  by  the  Bucecasivc  udditiooH  ami  sub- 
tractions to  it  and  from  it  of  the  angles  as  taken,  sod  modified 
aecorrlin";  to  tlie  si-riyn  of  90"  id  each  quadrant  of  the  cirele. 

The  initial  rourse  had  better  Ite  referred  to  true  meridian,  and 
comparisoQ  witli  bvnrings  made  with  allowanoe  for  tlie  variation 
(dMlinatioa)  of  the  needle.  Hut  it  has  always  beeu  teeugnized 
Aat  the  course,  in  degrees  and  minutes,  of  a  quadrant — and 
therefore  liahlc  to  mistakes  as  to  the  partictilar  one  of  four 
qiuidraots  —  would  W  abouhite  if  the  full  circle  be  graduated 
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oround  to  90°.  ISO',  370°,  nut)  300°,  in  tbe  8ucce»&iv«  qutulranls. 
While  it  18  uot  op-eed  wli«tber  uortli  or  soiitli  shail  be  the  zero, 
the  (llnratiou  or  ^nuliitttion  with  i\w  maveiuL-ut  of  Cbo  bHTi<l»  od 
the  dial  of  ft  watch  or  clcwk  is  convcntifiiinily  fixed.  The  beor- 
iu(;8  will  be  &  key  to  which  zent  was  uwd  in  Che  notes. 

4SL  It  i«  but  seldom  tlitit  in  drift«  of  mtti>e«  the  alif^moat  «a 
well  iu>  the  grade  ri>(|iiir(>ti  ndjustment  to  the  rogiihirity  of  ntmight 
lines  sud  curves  iiiniilar  to  nurfaca  raihvuds;  for  the  trHUi-cai'B 
will  ioa  woiiuil  vcrv  Mliar|)  turns,  aiid  for  tbetii  there  i»  there- 
fore  no  DBoeetiityof  cxjicnBirE!  iniproTciniinte  In  line.  Diit  when 
«  locomotive  is  to  be  ii«cd,  or  wire-rope  b»ii)ngc  is  to  be  iatro- 
daced,  there  iit  npt  to  lie  n  e»il  for  regulation  of  the  line,  with 
regard,  especially,  tu  miniiumu  radiu»  of  ciirvAlure. 

Unlike  the  longer^  flat  currea  of  a  railroad,  —  defjlgnatfd 
sccordio);  lo  tlic  jViiLt.-ricun  «>-Htein  by  the  cv«n  nngulur  dcJlcc- 
tion»  from  eaeb  other  of  ehorda  of  lUO  feet,  —  these  mliariier 
eurved  will  fio  by  lusumod  even  radii  (in  lengtJi  uot  less  than 
(eu  titDex  ibu  gauge  of  track),  iind  tlio  detlcctloii  angles  for  run- 
ning tliem  ill  by  the  iDatrumeiit  U|)on  short  chorda  will  have  to 
be  calculated. 

One-half  the  chord  divided  by  the  radhm  will  equal  the  sine  of 
the  angle  of  tlelleetiori  from  tnuguat,  which  is  liulf  the  angle 
tliat  two  such  equal  chonin  will  make  with  earh  other,  and  aho 
half  the  angle  at  tlic  centre  of  the  clrtOe  subtended  by  the  ehord. 
(^om  UT  point  on  the  circular  curve  as  a  t^Hition  of  the  itii^tru- 
ment.  sucveesive  defleetioufi  uf  the  aii^le  will  lix  the  eudB  of 
t:v)Ri4ecuCiTe  cliordB  as  measured  in.  Shorter  cliorils  (like  those 
less  than  100  feet  in  a  railmiul  (-urre)  have  deflcetioD  angles 
appro xt mate ly  [iroportiouul  to  their  lengths. 

For  ranging  the  line  of  direction  of  a  {lassage  that  Is  ))eing 
opened  into  the  solid,  two  points  for  placing  lights  are  given  at 
the  atarc,  necenHarily  near  together,  until  the  prolongation  of 
Ofwa  apace  allows  testing  the  tine  by  the  instrument  und  giving 
new  poLobs  of  line.  From  the  three  ixiints  of  a  ourre  lute  that 
mark  the  chords  of  half  the  arc,  obviously,  by  oimple  measure- 
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niptits,  a  like  foiirtli  |joiiit  may  be  derirecl  as  ibe  face  (bwat) 
of  tliQ  wi^rking  is  odvutired.  In  driving  a  pasaage-iray  <le8<Til>- 
iog  a  semicircle  --  to  savc  wcokcDing  pillur  at  fool  of  uiiaU  —  a 
long,  I'urveil  gss-pijie  vra.&  used  in  rsogiog  sraund.  A  larg^ 
itoale  noi'king  plot  allowing  olTaeta  aeciiiVK  tti«  proper  location 
of  ctirring  and  branching  passages. 

Outtiidi;.  bcsidua  tlie  fixing  of  iirojwted  curves  by  dcHectioii 
unglea  oa  above,  the  laying  off  of  pciDt«  of  arc  intermediate  on 
tlu'  cbord  is  by  fout-niltt  uii>asureDient  of  ur«liuatvti  ut  (igbt 
angles. 

But  witbout  Htrict  roganl  to  datji.  an  expedient  way  of  uniting 
two  intersecting  straight  lines  of  tradi  by  a  ctrctdar  eurrc  (as 
an  lire  tttarliu^  from  the  one  atrai'^iit  line  at  nay  diatanco  Bbort 
of  ttio  npex  of  thf>  lineii  and  ending  on  Utc  otiior  line  lui  equal 
diutauce  frutn  tlic  apc.\)  w  to  find  imiiiti  by  linear  measure- 
tiieni  merely.  Assumini;  auy  tauginiliul  distance  back  fWitn 
apex  to  P.C.  (point  of  curve),  tbe  beginning,  and  tbe  same  to 
P.T.  (point  of  tangent) ,  the  end  of  eiin'is  we  find  a  tliird  jxriBi 
of  the  an>,  its  midille,  »h  a  point  midvriiy  lietween  tbe  ini'ldle  of 
Uif  L-liord  of  tile  wliolc  arc  auil  tlic  apex.  Onc-fourtli  of  tbii 
vmiffd  mrewlllbetlie  veraed  sine  (middle  ordinate)  to  be  erected 
on  CAcli  chord  of  half  the  arc  for  points  of  tbe  are.  And  aay 
other  middle  ordinatcs  will  be  as  Ute  squarcK  of  tlicir  arvo  or 
eliordit. 

ThiA  principle  ai^pliea  in  roiiiidtt^  off  Intersectini;  grade* 
iatu  vertical  curves,  either  convex  or  eoni^avc  ;  bjr  vertical  allow- 
uicea  and  nceording  to  horixontal  diAtanccv,  rtartinf;  with  Ibal 
at  tbe  apex  and  proceeding  aimilariy  to  the  foregoing  as  to 
s^ubdivisiuiM. 

I'he  laying  nfl  of  cun-es  by  chonU  and  versed  sine  so  derired 
does  not  require  Itnofflcdge  of  length  of  radlas  or  of  amplitude 
of  angle.  But  wtien  the  extent  of  dreulor  arc  between  two 
taiii:ont«  is  to  be  <Ietermiui'd  by  the  leuglb  of  radius,  tbe  tan- 
gential distance  from  apex  will  e(]iial  radius  multiplied  by  Dstunl 
tangent  of  balf  tlie  angle  of  intersection ;  and  between  P>C 
and  P.T.  there  will  be  the  sninc  itieosiires  of  ohord  M  there  tin 
of  chord  angles  in  angle  uriuterBeeliuu. 
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462.  Id  tlie  noto-booli  the  lcft<lmnd  page  in  used  for  ntationg, 
distances,  angles,  coursott  (rudiivt^d),  uik)  lK>iu-iDg«  (mugnetiu)* 
nnd  Uic  opuosito  right-lmnci  page  for  offset  (liHt.iiR>4!!i  —  inarkotl 
rolalive  \o  a  iKTiKiriiiiciilar  Uac  (HviiiiBg  tbe  page^  together  with 
■keteliea  and  remarks.  Tho  notes  should  he^pn  at  the  bottom 
of  the  pRgtw  !Uh1  prcKivitd  iiptrui-tl«,  lu  nppfur  as  on  tliu  plan  to 
which  their  rRsults  arp  to  be  transferred,  in  their  proper  reltitioti 
]iositioo  niifl  ub^iTvntioti  rornitrd. 

Th«  plan  of  undergrouud  n-ork  in  be^tin  with  thv  plotted  net- 
woik  of  Iho  Unfls  of  survey,  then  the  onllluc  of  partB  excavated 
Is  drawn  in  detail,  and  tlieHe  nri>  slmded.  n«  tlie  pLacca  become 
cktsed  in  aitd  nhnudoued,  lu  dUliiigiiitili  what  i»  ojien  work  nt 
may  period. 

Tbe  scale  of  innps  showing  the  workings,  etf.,  of  coaI  mavn 

now  fixed  hy  law  in  ainnv  of  tho  Station  at  1  :  1300  »»  the 
ast :  that  i».  su  uot  le»a  Ihaii  1  ineh  for  1 00  feet :  the  ptii-pOBi- 
or  the  ma\m  hein^  to  aid  the  olHeial  inttpeetioti  iind  refiulntioii 
of  Uie  mines  for  dcounng  the  lieulth  nnd  safctv  of  thp  niincra. 
The  i)lan  will  generally  reiiiitre  to  show  the  relation  of  the 
workinga  to  aiirfoee  openinga,  wntereonriiea,  nnd  bounding  Hues, 
and  to  in]pTOvemeDt«,  «ueli  a«  tjiiildingii.  roadit.  ami  railroads. 

Tbe  line  of  oiibcroiJrt  (exjKisiirf  at  tlu-  ^nrface  of  the  ground  nf 
tfa«  mioeml  iMKlit)  within  iM  range  will  appear  on  the  ma|),  hnl 
geDcral  topographieal  detail  ia  reseri'ed  for  the  eictendcd  xmali- 
seale  majm  of  the  tnurfnev.  wtiicti  will  represent  what  may  be 
learned  of  mineral  indlcalioiiH  nl.so ;  frutn  which  data  in 
advance  of  the  workingn  ma;  l>e  derived  and  contlrmed 
specifl]  explorations,  na  of  proof-holcH  nml  deep  boring. 
Ut  upon  tliv  mine  phui  mieli  elevations  (lieighla  of  surface 
iT«  datiio))  as  Heem  inoflt  eaifential,  such  ax  prineipal  ones 
llong  the  ontrrops.  highest  pniniA  of  hilU.  and  lowest  of 
elreaiiHi  should  be  lauppiid. 

I  Th*  me  of  the  pantograjA,  for  rediieiiig  the  irregular  figures 
Of  mine  plans  with  all  detnilft  from  one  uealu  to  another,  hnn 
found  touch  approval;  and  the  pfnntmefer  is  liked  for  lafao;- 
Sftvlng  and  accuracy  in  dolcrininiug  such  arcaa. 
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453.  in  veim,  the  work  Iwiug  ilt«|>  anil  narrow,  autl  purauod 
from  levfl»  or  gnlWricf)  (horizons  of  working)  geu«rally  »)«ut 
(lO  feet  &pai-t  in  height,  plfl.n»  of  these  leveln,  drawn  in  (lifTtrent 
colors  to  [liHtinn;uiab  ihum,  itrc  HupcHmposvil  on  Uiv  map  of 
general  plnn.  Thoy  show  tlio  openings,  —  Hk  gnngwaya,  the 
CToss-fuLs,  ulc,  —  Willi  Uiu  dellniugliDetior  the  walls  of  the  rela, 
nod  may  einhrRce  other  separntione  of  the  mineral.  lx»Dgi> 
tadinal  elevation  and  vertical  croM-scctions  will  »)iow  Uw 
stiufts  aud  other  coniicolionB  bL-tw<:«a  the  lovda.  together  with 
the  ekamherB,  whether  open,  titled  io,  or  oaved. 

Ore  hodies  ownrrlng  dotficlicd  Jind  of  the  most  varvlng 
dimensions,  tliougb  often  reHemhling  each  otlier  a«  lenticular  in 
sbniH-.  wakv  tlie  workings  appear  in  plan,  tlcvatioo,  and  crotw* 
section,  as  tlie  resnlts  of  exploralion  in  patches.  Shafts  in  \ht 
vein  will  be  pnriilU'l  to  pitch  of  ouc  wnll,  and  therefore  varying 
fl'oni  the  vertical , 

A  tttrutiGi-d  bed  that  la  to  be  opi!nit«d  upon, — opened,  and 
won  hy  mining,  —  may  he  conceived  as  a  Heamof  uniform  small 
(hickneSB  extending  within  limits  as  a  plane  Burfaoc:  and  b 
relative  position  defined  l»y  the  "  wtriko  "  (the  course  of  all  iu 
level  lines,  which  will  all  !«  parallel)  and  iU  '*  dip "  (tlie 
greatest  piUrh  nt  right  angles  to  the  course  of  ihe  leveMine). 
But  upon  the  lai^e  acale  the  aeam  occura  of  variable  thicknc>ss, 
and  with  Itnca  of  level  changing  In  direction  and  not  parallel  at 
difTercut  elevations,  to  the  degree  that  instead  of  a  plane  it  is  a 
warj)ed  surface. 

The  arrangement  of  permanent  works  a\Km  the  surface  of  the 
ground  with  reference  to  the  lay  of  the  bed  as  well  u  the  topog- 
raphy aud  impruvunmuU  existing  or  suiu<d  to  it*  the  favorable 
connection  or  the  lines  of  haulage  and  drainage  laaide.  with  atl 
to  govern  outside,  present  to  the  mind  of  the  mathematical 
flcrveyor  applications  of  the  theorems  of  Descriptive  Gcoraelrji 
n«  included  in  tidflptatioQ  to  the  ends  of  prootieal  econotny. 

454-   Location  upon  the  surface  of  the  gronnd  of  the  plan  of 

inside  work,  ia  a  repetition  of  courses  and  distances  outeidc  in  Uie 
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ssme  vertical  planes.  Any  ptu-ticular  portion  or  the  workings 
ID  progress  can  thus  be  rK)mparod  in  ualui'al  ticiiJc  upon  autuol 
jjLsii  of  siirfftOf  of  the  grouiiil  over  them. 

f  Orerlatd  plaiiu  witb  elt;  rations  and  ci'oee-Hcctionx  of  workings, 
such  aa  wore  desorihcd  for  worhi'ig"  in  voina,  are  roqiiired  to 
show  the  Ucvf-lopmeiit  in  high  pitcUing  Iwds.  The  **  lifu  "  or 
levels  ta  bucIi  of  coal  am  100  ^'ard«  apart,  niensurvd  on  Uue  of 

I  Urcrlaid  plans  of  different  parallel  scams  worked  through 
same  shaft  an  also  madf-,  but  ivithout  sy&tomatii-  elevation 
and  oross-s^i-tion  :  tlie  conueclioiis  (Nliiifu,  KlopL'S,  or  tuuiivls) 
between  the  beds  being  through  barren  ^ound.  and  limited 
to  the  vxigcucivtt  of  hoisting,  draining,  and  vcuLiluting. 

455.   Following  Uio  dot«iinf nation  in  azimnth  by  coiirsoa  and 

distance*  of  the  pflAsages  in  the  mine  is  the  deterntination  of 

their  changes  in  lerel  by  the  npirii  lL-vclliu;;-inEtniment  arid  the 

level-rod  (aa  a  separate  operation,  even  if  the  transit  be  a  cuni- 

biaed  instrnraent  haTing  a  parallel  spirit  level  attached  to  ita 

It'loAcopv).  thi!  work  Wuv^  quite  similar  to  such  alcove  ground. 

,  Bnt  the  rod  innfit  he  linittrd  in  height  to  the  low  Bpac«s  wliere  It 

I  fa  to  be  osoil.  and  is  prcfL-rably  marked  with  red  fljnres  for  the 

|fc«t,  and  white  figures  for  tlie  tvnttiv,   u[ion  u  blnuk  ^ound. 

The  top  of  a  simple  white  target  ia  safer  to  take,  however,  than 

I  Uic  reading  (Voni  tlic  tn^tniiuent  of  tlie  Agnri>s  thuniHi'lves.     For 

[accuracy,  sights,  as  al>OTe  ground,  should  be  limited  to  300 

I  feet  in  distanL-e  from  the  iuittTUuiLMit. 

Prom  the  elevatiooa  of  points  taken  by  levelling,  contour 
lline*  can  b«  shown  on  plan  as  the  mineral  bed  is  exploited. 

Itlu€  Is  the  eonvontiurinl  enlor  for  theso  ennlniir  lineit  and  the 
ftgores  marking  tbt-ir  cK-vntJon  above  the  datum,  on  a  mine 
plan,  and  brown  suits  for  the  eoutrasted  surface  elevations. 

406.  Txivclhng  along  posaage-WAys  fnr  Uie  purpose  of  fixing 
[iMller  gradiente  of  hanling-roads.  or  for  fall  of  water  hy  rectifl- 
'catioti  of  undulating  bottom  to  Improve  draiuage.  requires  sta- 
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t)OD«  especially  chAined  iu  at  recfiilar  distances  of  5iJ  f««t  cr 
l«Hs  :  tlic  lunrkv  )k'Iii<;  UMiiiwriii'v  onvs  on  the  sides  to  serve  (of 
Diking  tlic  leroU  aiid  to  be  refern>d  to  a»  to  IieighU  in  gradiof;. 
when  tlic  v{iri<ttion  of  IcvbI  of  bottom  frotn  the  yrade  of  a 
sLatiun  (covvrnt*  Die  cutting  ur  lilting  uf  bottoui  ihvre,  or  cbaoge 
of  the  vfhole  cross-section  id  li«iglit,  »s  it  may  be.  For  the 
itdo|)tk)ti  of  8iiitAl)l«  grudieiits  nlonp  nn  ovtciided  line,  n  longl- 
tiidinal  vertical  Hcctioii  is  drawn,  culled  a.  iimfile,  vrhii-li  extiibita 
UiL'  ruiutioii  ot  }rnjiiud-line  li-velH,  and  ullovrs  Uic  fixing  of 
gtadt  with  assurance.  The  profile  may  iaclade  the  line  of  lop 
as  well  a»  if  hottom,  witU  Mectiun  of  rook  inejunrcA  to  be 
altectcd  hy  "ripping"  of  the  roof  ami  "  cutting"  of  bottom. 


I 


457.  A  Drift  or  iia»sagc  along  with  the  measures  of  a  1h«1 
will  make  niidulatiug  ffTAdc,  if  course  be  followed;  and  U  tli« 
drntnngc-riiie  be  allowed  to  govern,  th'C  alignment  will  he  aueri- 
fiOHd. 

TVnndZtTiy.  however,  being  arbitrary,  acroas  the  measures.  tH 
mostly  i)|)on  directed  line  anil  grade.  Siopes  ut  montlr  uijon 
direcU-d  courae;  but  if  wtlbiii  the  i»easturo8  of  Ml  inclined  W-d 
will  mostly  be  variable  in  grade.  So  witli  lui  adit,  driven  lo 
give  drainage  outfall  to  tbe  wirface.  For  it,  utiortening  of  the 
diaUiDce  will  probably  be  the  governing  condition  priiiciiially. 


I 


468.  For  thr-  workings  At  high  pitch,  ttw  dctenninntion  of 
borizoutnl  auH  vertieal  cuinpouents  of  the  diiitanccfi  on  tbe 
ftlopiug  lines  of  top  u.iid  bottom  in  a  bed.  and  '*  banging  wall " 
and  *' font  wall"  in  a  vein,  will  bring  the  vertical  arc  of  the 
instrument  into  rvqiiUitiuu,  for  ol>taiuiiiK  t^c  veiticiU  augld 
which  is  always  taken  jib  tlii'  full  angle  above  the  horizontal. 
Vertical  sec-tiotib,  besides  snob  UmgiLudinal  oaes  following 
broken  line  of  poaai^e  within  a  atraUim  and  showing  only  adja* 
cent  rock  mcaenrca,  may  be  made  of  inrticnlur  places  wliert 
there  is  foiHiwj,  or  /a«<Jf,  of  the  measure*,  and  for  geologic«l  or 
more  general  purposea  they  may  exhibit  the  lay  and  t)iickni<«a 
of  tlie  various  rocks  np  to  the  surface,  which  wilt  aa  :\  correct 
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nugiu  show  ihc  ouKroppinffB  in  profile.  Vcrticul  sections  may 
be  projections  u|K>a  planers  thnt  traverse  tbe  uit'iLAurBS  according 
tu  vsrious  uonditiouit.  aii<l  iiiny  bo  cooMrtictod  of  relaUrtI  pointe 
from  the  map  that  wcr^  not  determined  for  their  relevancy  to 
this  purpose. 

It  wesis  that  rertica)  urea  have  haii  vertmd  dinva  coiTe(i|>OQ(l- 
iiig  to  radiiia  1  iniirkej  urutiticl  lliem  for  tlm  piirptMO  of  telling 
the  nliowaiice  ii[kiii  bIojip  rm-MSiiiTemeiit  to  ohtnin  corre«i>on(iing 
faoru!onl&]  dUtancea.  the  vcracd  sine  being  (he  difference 
betiTGCe  till-  hy|>otbonuH<;  as  tlm  rmliii»  itiid  Uie  hurixont^il  battu 
u  the  ooaine  of  the  venicid  riglit-ttDgied  trimigtv  fomie<1 ;  and 
the  »1opv  Icngtli  for  a  given  horizontnl  <)iNtan(!(>  would  bn 
greater,  according  to  the  vented  sine  of  the  nuglc. 

V'vrtk-al  »re»  Iiuvl*  liad  hi-n<jtnit8  i\»  tm^s  i-uriT«i>oudiDg  to  the 
nnit  of  boriiioDtal  distance  for  the  different  atiglce  niftrkcd  upou 

A  method  of  dividing  the  arc  nccording  to  the  Kines,  without 
tlic  iutcrveulioii  uf  the  etjual  )cradii»tioii  into  de^ren  iiL-L-e»- 
sarily,  is  the  subject  of  a  contribution  to  "Van  No»tnind's 
Kngineeriog  ]UsgasUia"  for  Jul;,  167(>,  aod  is  appended  at  the 
end  of  Chifi  cliapter. 


r 


4S9.  The  meaenrement  down  <leep  borings  or  8baft»  is  beat 
madi:  \>y  spvcia]  Hat  etccl  wire  with  suitnMc  pliimmct  hcavjr 
enough  1(1  iiiiiure  \U  making  the  wire  line  caut. 

'l*be  tratiitfer  of  points  down  a  shnfL,  kh  of  two  to  detenoioe 
a  base  line  for  f^onnectinf!  niirveyt*  below  with  tho»e  on  the 
surface  of  Uie  ground,  b  ruadi:  lpy  very  btavy  plmninvta 
attached  to  ordiasr^-  wire  nin  off  of  reels.  A  portable  ttox 
to  coQtaili  Lliu  roeU.  liieir  rninkti,  and  tho  pbiiuiiioLg,  is  ihiu- 
Tenient :  Uie  heat  arrangt^ment  lieing  tbat  of  reelH  llxed  in  a 
frame  that  eliiyH  in  the  box.  Tbi-  suspended  pliiininet«  arc  to 
be  received  l>elow  eaob  iu  a  bucket  of  water,  or,  if  bntiging  from 
coDsiderAble  hoiglit,  in  some  thicker  liquid  to  settle  the  wire 
lines  to  a  steady  poRitton  for  ranged  obtKirvation  by  the  ini'U'n- 
ment  below.  Aud  the  olmervntion  will  be  easier  upon  wire  iJiat 
i»  whitened  there  by  chulk  or  paint  after  being  placed. 
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The  plummets  in  tlie  shaft  of  tlin  ^V'Ashinfton  SfontiineDt,  Tor 
«bowiag  chatigo»  in  ttic  vcrlioality  of  tbo  structure,  Aro  &t«adi«<l 
in  vesseU  containing  a  mixtiiro  of  glyceriDc  and  moU&aos. 

460'  For  libking  courses  on  pitclies  at  high  angles  au  «xtrn 
telescope  on  the  axia  cxtcudod  to  the  outtiide  of  one  of  tin 
tttamlnrd)*  of  tr»i)»it  liax  been  iiard.  Auotticr  minintf  IniMil 
liaii  fur  the  same  jjuqioee  Uie  snuep  of  Itw  telescope  to  tlw  ver- 
tical position,  iimde  jiossihle  by  having  its  standards  made 
iaclinerl  to  oYcrhang.  Itut  the  ahject-j/riam  placed  h«?fore  tbt 
object-glass,  rdlowing  etghtiiig  at  true  right  angles  is  any  j^aue. 
Beema  moot  Bitnpiv  to  fblfil  tb«  requirements  for  sighting  up  or 
down,  as  well  n«  ^idcwise,  nml  is  a  rt^ady  moans  ai>]jli(^ai>le  to 
tJie  telescope  of  any  orrlin»rv  inBtrumnnt.  A  tran^tit  adnpti'd 
in  any  of  thc-ec  ways  for  taking  vi-rtical  sigUta  cuubles  (hf 
points  of  base  line,  ns  transferred  by  pliiinmets  to  tbe  bottom  of 
tlio  shaft,  to  Iwi  t«st4!d  and  ooicipaioU  with  tb«  uxteuded  line 
across  the  jiit  to[i.  ]>i'ovided  tht^  atnioHphere  be  clear  in  tlie  shaft 
and  obatniclioiis  do  nut  iutcrrciiic.  The  vertical  adjustmrnt 
of  the  instjuiiieut  lt.tclf  would  be  tcatt-d  by  tbi:s  check,  the  usual 
teat  being  on  higb  objects,  with  revcrBul  of  standartls  to  oppo- 
aito  sides  by  ttiniiiig  the  lioriKontal  plates. 

A  heavy,  aubatantial.  siinpte  tninait,  not  mightcd  wltl> 
"tttlflcluiicuts,"  is  the  most  reliable. 


461-  The  oac  of  the  Tutngiitg  txmjHum  and  of  the  Aan^'ny 
olinumefer  of  the  olden  time  is  retained  in  small  nn<I  crooked 
passages  of  some  melalllferons  luiues.  And  their  snbaidian 
use  in  cxcavatiuiiB  inconvenient  of  access  or  footing  of  the 
ordinary  (the  standing  inr^triiments)  bos  lately  been  recom- 
mended as  of  wider  appli<!)Uiuu.  nnd  they  bare  been  introduced 
into  this  country.  Eatli  of  the  iustruniculs  is  to  hang  by  ita 
two  hooks,  turned  opposite  ways,  to  tlie  cord  that  marks  tlie 
line.  The  compnss-box  kvcU  itself  by  its  g^btU  (douUe 
trunnionB),  like  n  ship's  eumpass,  in  the  frame  of  which  tbf 
ilat  hooks  with  long  bearings  lu  line  ace  a  paru    The  ulinonietcr 
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bangs  as  a  vcrticiil  arc  nitti  pliiiaiiict  tu  give  Ibc  incliustion  of 
the  oord  from  the  liorizon,  while  the  compass  given  the  needle 
ootiree.  The  cord  U  etrclelii'd  rrotii  ono  low  utout  tripod  to 
auotber,  oi'  in  a  curving  Hpnre  may  bi>  fuftt^ncHl  to  a.  gimlet 
ftcrewetl  into  hkIk  Limljcr  bL-yoml  inltTifdinjt  point  or  HUk'lc  of 
two  cords.  The  ti-ipud  aervea  as  a  etoul  aUo  for  Uie  asttietaiit 
bolding  cor<l  to  the  poiTit  on  it  tirmly.  The  distances  arc  accn- 
fAtdy  olcaRiiroil  nlong  the  cord  h\  applying  a  griidiialcd  rod  to 
Tbe  borizoiibtl  and  vertical  uompoaetits  of  the  measure* 
'meats  bare  lo  be  cnlcnlnted  fur  ijlotilng  ou  plitu  and  HccliuD. 
lo  thaold  mining  rogiunit  of  Kurupe  the  surface  surveys  were 
also  cani«d  on  with  tho  same  applinnceo.  With  core  and 
patience  aorpriBiugly  good  reBults  in  locuiing  connectians  were 
attained.     The   uUl   iinitiiuiu-nbi  vivrv   jzriiduatvd  iu  tioitrB  and 

Ininutes,  ami  the  English  designations  of  ditU  and  diallituf  for 
tb«  miac  compasd  nnd  operations  with  it  e«cm  to  rt-fcr  to  tho 
same  original  diriBloa  of  its  vircii*.  It  seoinB  strange  to  learn 
that  the  ptoUiitp  vn\n  |>rolraou>d  l>y  the  same  eompaiM  (Airiiug 
thtre  on  ItoHxonl.i!  plate  used  for  straight  edge),  reference 
being  had  to  a  meridian  line  fixed  in  ttio  nflltn.  anil  the  drawing- 
table  txiog  A  smooth  nnd  level  stODC  slab  reeling  on  foundatioQ 
(iDdepeodeat  of  the  ullice  lloor. 
462.  Fonnerly.  when  topography  was  used  more  for  the  pic- 
turing of  the  v''^''  ^^  latid^cape  in  map]>ing  the  fvaturc-s  fur  the 
infonnation  of  the  toiiri&t  or  tlie  military  eommander,  than  for 
the  projeeljoii  of  the  ^-ontonr  acciirtilt'ly  to  tit  tho  location  of 
artitlcial  ways  nf  the  different  kinds  to  the  ground,  kachuren 
^■vcre  used  to  indicate  churncter  of  sloping;  olcvatione,  and 
''they  8Uririve  in  use  upon  swall-scale  maps,  to  indicate  moun- 
tain chains.  They  are  intended  to  he  lines  of  pitch,  drawu 
close  together  HO  as  to  graduate  changes  naturally,  and  they 
should  be  broken  at  the  inttTscctioti  of  Llic  succfasivc  level 
ptanes  with  the  surface  to  make  terrnces  however  narrow,  nod 
Biggeat  level  stages  in  measure  of  elevation.  Now  we  baye  on 
,  lopograpblcnl  plans  comour  lines  to  i-opreseut  the  Uaes  of  sue- 
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(.-vHxivu  IcveU.  6»y  10  feet  apnrl  io  ruse.  They  an:  plotted  by 
t-ouuectin^  all  poiota  of  elcvatioa  tlin.t  luay  hv  determiutxi  over 
tilt'  itrcfi  witli  iv^nrd  to  the  ro(|iiireim<Dt«  of  accuracy  in  uotiug 
the  I'linngcfi :  irnd  tlipy  may  ha  coHfiirtireii  tho  marginii  tiinik-  l>y 
ti  bully  of  n-at£r  that  liwd  succcMively  riBea  or  recwled  lu  feel 
in  height  al  a  liino  over  the  urea.  Ttiejr  are  to  be  markL-d  by 
tlioir  elevation  above  tlio  lowest  datum  plane,  prcferaWy  uver 
timt  of  nirsn  t-idc  of  the  oocfin.  Tlicy  turn  ii|H)n  LbuinMlreft 
where  they  enclose  n  peak  or  a  basia — aocorditig  oa  tlie  aext 
uui'»  iudirnu-  tti<.-ni  an  higher  or  lowtr  in  the  aeries :  they  are 
farther  apart  in  horizontal  distance  as  slojiea  are  Hatter,  aixl 
wUore  two  or  roore  coinoido  for  any  dintancc  there  is  n  precipice. 

These  potDts  of  even  elevationtt  of  the  groniul  arc  determtniMi 
fi'otti  till'  k-vels  run  along  the  survey  liues.  and  the  cruHs-KectioD 
protileH  taken  at.  tJki:  fltalinns  nf  th<;  linos — slopes  beio^  taken  at 
right  augleti  to  tbo  line  will)  Mfaigfit  «dg<t  pok  and  ciinometer  <ir 
piumm^  Mope  level  applied  to  it.  Kaeh  of  thei«e  angle  inittni- 
luenta  haviuL^  u  verlicHl  graduated  urL*.  tlie  former  n-jth  ai'm 
hinged  at.  centre  of  air  and  carrying  a  apirit-Ievel  to  a»eertaiii 
the  vertical  augin  inolinled  between  the  le%'clled  arm  mid  tbe 
slope  of  the  ilraigbt  cdRe  under  it;  tho  latter,  by  Ur  departurt 
from  the  [teqieudleular  of  the  pliunmel,  shuwitig  the  equal 
departure  fi-oui  the  horizontal  of  the  8trai<^ht  edge. 

From  the  prollle  of  oarh  tilope  skelelied  in  the  field-hook  and 
marked  vrilh  distances  and  dcj^tees  of  riae  ami  fall  aei<u«s  tbe 
survey  line,  the  euccessiro  eren  lU-foot  pointti  caa  be  laid  off  OB 
plan,  rpjfHnI  Ijeitig  hml  in  atartlnf;  nitb  ele\'Ation  of  stAttoa  to 
the  partial  changes  retiuired  for  the  tlriil  even  l<>.foot  |M>intc*di 
way,  A  »cale  of  hurisunlnl  diHlanecti  (or  cucli  dt^cree  of  thf 
arot  to  gain  lo  feet  riec,  in  made  Ijy  tbe  topognipticr  of  Itmtol- 
board  to  lay  ulT  the  iK>int«  derived  by  sloping  at  the  statioiu, 
and  saTOfl  the  [dotting  of  tho  profile  of  croas^aectioa. 

The  loptjgrapher  prcfent  to  draw  the  contours  in  the  fleld  w 
taken,  ualug  demi-sheettt  of  pa|>er  that  cau  be  joinetl  at  (heir 
margins,  and  upon  cavh  of  whitli  a  |)orliou  of  the  line  corn- 
spending  to  it«  niiniher  in  plotted,  tlie  line  having  dots  along  it 
apflcing  the  anccesHive  stations  iritciinediate  of  iJie  angle  [•ointt 
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ot  line.  Mid  liKvinp  tlie  clevAtionB  coiTc(i|ioa<Ung  in  (lencil  along* 
^H  «i(lc.  The  »hecU  uie  hdt]  in  »  box  lb«t  b  curriwl  by  n  aliouWer- 
^F*'i'"P<  ^>^'  t''*^  ^'''^  *^^  nliicli  it)  used  in  the  liuld  as  »  druwin};- 

iMiard,  the  partirnlarfthMt  in  hs«  at  tbe  time  butng  tacked  od  it. 


^^  463.  The  U)pogi-A|)h«r  will  sk<>tch  in  tb*  atreanis.  tmildings. 
etc..  with  n- fi'Tvncc  lo  tuuii^urcniieiit^t  liowovcr,  uiid  will  hAve 
special  liuts  wilh  small  cotapatra.  otc,  ruu  foir  liiui  to  make 
contour  oontiti-tionti.  Tlu^  opiTfttions  will  riwj  to  the  aoopc  of 
plftno-uihlp   work,    if   the    drawing-boanl    Itsvo   a   nocket   wilh 

IdanipK,  and  be  mourittrd  ami  k-vi'lkil  ( Ky  xp|)lyLiig  Ji  Ioom)  liaud- 
Icrel)  upou  H  triiKid  ;  the  ntler  iiacfl  nii  it  having  nmall  coinpum 
Bighte  iKrivwfd  to  il*  ftncln  for  »ightiiig  to  objects  nnd  fixing 
|)ii-ir  po«ition  on  plot  hy  tht^  grfijihic  trinngiilntion  of  intorgcctod 
■if'ht-liues  rrom  dilTcrout  Blatiuns  on  tli«  mirvey-line :  the  sta- 
(ion  uri  |)Iot  when  uvit  its  [ilace  on  ground  hnvlug  .1  iiecille 
stuck  iipright  in  it.  thot  hum  a  Hcaliag-wax  hL-iid  for  t'onveineiit 
linndling,  for  the  pnrt>ot)c  of  rosting  the  rn\er  against  whon  sight- 
ing. Interpolatioii,  nr  ri^Beclioii.  is  tU(-  n-vi^rae  lighting  fmtn 
without  ttlL<  liuo  ov«r  the  plot  U>  twii  or  three  [k>Ii>8  uu  HtationH 
of  the  line  or  other  previmisly  locati^ii  ohjecif .  li>  iituiin  po*i- 

ItioiL.  it  being  uadontuod  tiiut  tlit:  plauv  tablu  sLiinds  witli  pint 
{n  proper  retatire  position  iilways.  Sei-ondarj'  tiiangulation  will 
aztend  tlie  ai'i^a  of  tupogrupliir  ><koIc-liin}{,  btit  ibiu  should  he 
plieoked  l)j  connection*  beyond  with  mirveyed  liiiet*  and  k'Vtfln. 
\  The  Locke  level  may  be  used  for  taking  risen  by  Unding  atl 
tbc  |>oiuls  in  ?ight  tbiit  ar«  nt  a  level  of  the  eve.  iind.  in  i»»n- 
nection  with  the  levelliiig-rod,  thi>  fall  of  ground  may  aleo  he 
delermiDed  liy  lltt>t  instrument.  For  genUy  undulating  ground 
^Uhe  Die  of  it  U  l>etter  Lhnn  aloptng. 

4G4.  CoDtonr  lines  are  drawn  tu  feet  apart  in  clevatioa  oa 
most  plans  of  oxten^led  land  and  other  Kiirreya  that  are  meas- 
nred  in  detail,  but  it  ia  obvious  that  conea  oceur  where  for  Urge* 
lie  work  tbcy  arc*  taken  cIoniT  in  ulevutioii  or  fartbi-r  for 
aall-deak  mapping.  In  tliu  former  tase  of  largc-fltatte  work 
ey  may  be  i-equircd  exactly  as  elevations  directly  located  by 
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spirit  Icvelliuj^-iaalniiucut,  iu  Lbc  InttcT  case  tut  Ibv  a|ipruxlnu- 
tiOD  from  altitudes  taken  in  a  fe^  places  by  the  )>(iroin«ter. 

The  Hcope  of  thoir  iitiiffiiliie^H  on  plaiu  for  projo^tiug  improve- 
ments it  would  he  difficult  tn  doRoritM!  cxbniiHtivelT.  They  nu; 
be  for  use  ia  loLiilinfl  tlju  drivta  iwd  vrallui  ami  terracea,  etc., 
of  &  parb  ;  tlie  »)iA|>iiig  n(  groundb,  under-draining,  etc..  almut 
a  residence  ;  the  layiu?  out  of  strecls,  etc.,  in  a  hilly  town  ;  Ui« 
leading  of  »tn>aiiiH  of  wat^r,  largp  or  ^inall,  for  all  piirjioa*^  in 
pHrtial  ur  wholly  urtJIIi-ial  cliannelB,  for  navigutimi,  wnbr 
power  and  supply,  irrigation,  etc.;  ttie  location  of  ruiids  ami 
railroadK  with  regard  to  ease  of  conatrucHoo  aud  of  favorable 
gradionUi,  lut  well  na  tlie  iiai^s  in  tniniog  directly,  tmX  location 
of  alt  surface  erections  t'ollutersl  theroto  or  elaewhere,  c<^l<!C- 
tivcly  kuoi^a  as  ••  the  Works." 
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ANGULAR  CROSS-SKCTIONING. 

B>'  V.  Z.  BcKILLKHIIBNU,  C.TH. 

Vritlu  tor  ■■  Vu  Noalnnd-n  KoglnMrlng  Un^arn*,"  July.  tST*. 

A  most  direct  ajid  expedttiona  metbod  to  get  diffcrt^nces  iu 
level  l>c:tn'ccn  poiut«  ia  Kif^ht  i^  by  tlic  use  of  a  rertical  arc  grad- 
uated to  the  auoc-easive  sines  1,  2,  ;j,  .  .  .  101),  in  qaodnml,  for 
the  radius  of  arc  10l>. 

Multiplying  the  distance  meaanred  in  hundreds  on  the  b1o|i« 
l>y  the  rate  pnr  huDdrcd  indicated  on  the  arc  gives  tbe  differeuoe 
ia  level  in  units.  Ia  the  higher  parte  of  the  arc  tbe  corrcsixtud- 
tog  i<ueiues  may  b«^  marked  Tor  deriving  horizontal  distanoM. 

The  appUcability  of  ihih  graduation  to  snch  porpoaes,  as 
described  under  tliitt  caiition  by  li.  Dell,  C.R.,  in  May  nnmber, 
is  olnious,  nit  may  also  be  ita  use  for  more  csteudcd  ]>roRic«, 
for  gcol(^ieiLl  LTos)t-)(L<L>lion8,  for  road-grading,  or  wherever 
between  point«  obtained  by  the  levelling-iiutlniuient  itH  accuraey 
is  not  tod  iapcn  sable . 

A  cliDomvtcr  UiuH  gradtmtiHl  t.-uublcit  contour  lines  for  topo- 
graphical work  to  bo  most  readily  determined.  Tiic  tablr 
following  gives  the  100  jioinUt  iu  the  quadrant  in  terms  of  the 
common  graduation  of  90°  to  the  qundrnnt. 
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THE   JUDICIAL   nTNOTIORS   OF  SOEVETOES.' 


WiiK>  a  tuaii  lias  hinl  a.  Iruiuiug  in  one  of  tile  cxiict  ncicuces. 

IiL-ri'  pvt'iy  [HoWem  with'm  ile  purview  is  aiippotted  to  hv  sua- 
ci-)itil>I«  of  at-our&U!  ^oltiliou,  lio  \»  likuly  to  he-  not  »  little  iinpA- 
tipDt  nbrn  he  i»  told  thnt,  under  some  rirouniHtaiifeii,  iiR  iDil«it 
recogaixe  UiaccuracieB,  and  kotitu  Iiis  uctiona  bj  facts  which 
lead  bim  away  from  the  results  wliirli  theoretii-nlly  tie  oii«:lit  to 

acb. 

OlM«rvation  wnrnuita  us  in  Raying  tlint  this  reinnrk  iimy 
uently  be  made  of  siin-pyora. 

Ill  the  Stale  of  Michlgnn,  nil  our  lands  nn'>  supposed  to  h»ve 

en  Burreyed  onec  or  more,  and  [KTrmniivut  moikuiocnts  tlx«d 

deterraino  the  boiindaric*  of  those  who  ghoukl  becom*  propri- 
etore.  The  I'liitwl  Stall's,  iik  tiriginul  ownier,  r'nti»(^d  them  nil 
to  be  <HirTt>yed  uqlv  by  sworn  uIIk-lth.  uud  :iit  tlii^  plan  of  nnb- 
divlitlon  WAS  simple,  am!  was  tinifomi  over  a  Inrge  exteot  of 
territory,  tlicrc  stioutd  havu  ln-fD,  with  due  core,  few  or  no 
iitiiitakpfl :  niul  Iniig  rows  of  mniiuiiieiita  Hhonld  havo  been 
perfect  guKle^i  to  itm  plac«  of  auy  ou»  that  cliailued  to  be  miita- 
ing.  The  Inilh  ii ti fortunately  is,  that  the  line*  were  very  care- 
Ifsaly  ran,  tlie  niuDUini-ots  inaccuratuly  pln<-i>d ;  and,  an  the 
rcc<wdcd  witDe«^i>B  to  these  were  mnny  limes  wntititi;!  in  pcrmu- 
neary*  it  ia  uft«D  tlio  case  Hiut  wlien  the  muiiuiueul  was  not 
wjiTtctly  plnciMl,  it  is  impo*»ible  to  detennine  by  the  rt'cord,  by 
the  aid  of  anything  od  the  gmtiiid,  where  it  v/aa  located.  Tlie 
iaconvol  rc^urd  of  cunrAe  bueoiiics  worae  thtui  uhvIcbb  nlicn  Uic 
vlUie8s«ii  it  rcfersHo  bavo  diaappeured. 

It  Is,  p&rbape,  gonorally  supposed  that  onr  town  |]lnta  wore 
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more  accurately  surveyed,  an  iudeed  tiiey  »lioiild  liare  been; 
for  in  Kcncrnl  tb«i<e  can  iiare  been  no  dilllculty  iu  uuikint;  them 
etillk'icittly  perfc^ct  for  all  pructictd  purpoaes.  Mnny  of  tbeiOt 
Lowever,  were  Inid  out  in  the  wuudt;;  Bome  of  Uiera  by  proprie- 
tors tlieiiiNplves.  ivitlioiit  eitlier  cliniii  or  (-otniiiMiii,  and  somebj 
imperfectly  timncd  sun-eyors,  who.  when  land  naa  obeap,  did 
not  appreciate  tiiu  imiiorluncv  ot  having  correct  lioes  to  dctcr- 
nuDo  tKitiiidaries  when  Intid  should  become  denr. 

The  fuel  prubably  is,  Ui»t  Lami  »itrvey»  un>  tguiM  an  inacetirate 
fl8  those  made  uoder  nuthoril^  of  the  general  government.  It 
in  DOW  upwards  of  finy  years  aiikRO  a  major  jMut  of  tho  imbUc 
ifurvcys.  in  what  ia  ao»  tlie  StAtc  of  Micltigoa,  were  mndc  under 
authority  of  the  Uoite^l  .Slates.  Of  Ltic  laodH  eouth  of  I^utiit^, 
it  i«  now  forty  years  nince  tho  major  part  were  sold  »iid  the 
ivork  of  impruvctueut  liegan.  A  generation  has  paused  avay 
KiDce  they  were  eouvcrtod  itito  CLilthiited  farms,  and  feWi  if  najt 
of  the  origiaal  corner  and  quarter  stokes  now  remain. 

The  eorner  and  quarter  Rtaketa  were  often  nothing  l>nt  green 
sticks  driven  into  the  groiinil.  StnncH  might  l)e  put  nrouiid  or 
over  thesis  if  they  weir  hatidy.  but  often  they  were  not,  and  the 
vritneHs  trees  must  have  beou  relied  upon  after  the  atafae  wai 
goDc.  Too  often  the  flrst  settlers  were  careless  in  fixing  their 
lines  wltli  accuracy  while  ninnumonts  renmineil,  and  an  irregular 
hruah-feoce.  or  something  «ju:dly  imtrust worthy,  may  have  been 
rvlied  u^kju  to  keep  in  niiiid  where  the  bliized  tine  oac«  was.  A 
lira  running  through  this  might  sweep  it  away,  and  if  ootbiag 
was  substituted  in  its  phu'*>,  the  adjoining  proprietors  might  in 
a  few  yearii  ha  found  UiHpuliug  over  tiieir  tinea,  and  perhaps 
nmhiug  into  litlgutioii,  as  soon  as  tliey  had  occasion  to  cultivate 
the  laud  along  the  houndary.  If  uow  tlic  disputing  partiea  call 
iu  a  surveyor,  it  is  not  likely  tliat  any  oDi:  sommoncd  wonld 
doubt  or  (pieBtioQ  that  bis  duty  was  to  find,  if  possible,  the  plft(« 
of  the  origtual  slakes  which  determine  iLe  houndary  tlu«  b«tweeii 
the  proprietors. 

However  erroneous  may  have  been  tho  original  survey,  the 
moDnments  that  were  set  mast  acrcitholosB  govern,  cvon  though 
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the  effect  be  to  make  one  half-quarter  section  90  ncres.  and  tbe 
one  adjoiniDK  70 ;  for  parties  buy,  or  are  8upi>08ctl  to  bur.  in 
refereace  to  tlieM  moanmeuts.  oiid  arc  entitlefl  to  wbnt  j«  wittiin 
lh«ir  linea,  and  oo  more,  be  it  more  or  !e«6.  While  Uio  witness 
tree*  reinain.  tli^re  chii  geiieralK  he  no  <lilTtc»lty  in  (tctcmiiiiing 
the  locality  of  the  stakes.  ^VIle□  tlie  witapMi  treea  are  gone,  w 
that  there  ia  no  longer  rcconl  eritlqice  of  tbu  motiumcnbt,  it  ia 
remarkable  liow  many  tlicre  are  who  mistake  alto^cttier  tlie  duty 
that  now  devolves  upon  the  isiirvvyur.  It  is  liy  no  iiit-nuit  utiCK*iii- 
raon  that  we  find  men,  whoAe  tbeoretiital  eduratioii  in  thought  to 
make  them  eaipt-i-ta.  who  think  that  when  the  niunutucnts  arc 
gone,  the  oaiy  thiu;  to  b«  doue  is  to  pUt-e  new  nionuujciits 
where  th«old  ones  siioiild  hare  Iwon,  nii<]  wuiiM  hare  been  if 
jilaoed  correctly.  HiiH  is  a  oprioun  mistakt'.  The  prohiRm  i« 
now  itie  same  that  it  was  liefure :  To  iLst-trtain  by  tbe  best 
lightc  of  irhii-h  the  caae  ndniit»  wliere  tlie  ori^iiuil  lliii:«  wer«. 
The  mistake  ntiove  rofcn-cd  to  in  »upi>o«d  to  have  found  exprea- 
sioa  in  our  leginiation  ;  tlioiigh  it  is  poaaible  that  tlie  r^al  ioti'nt 
of  the  act  to  which  we  shall  refer  ia  not  wliat  is  eommnnly  nup- 
pos«d.  Ad  act  pn^seil  in  1SG9  (Compiled  Uws.  A£<S),  amend* 
ii^  Uia  lawa  respecting  tlie  duties  and  pnweni  of  county  survey' 
ors,  after  providing  for  the  case  of  eornera  which  can  be  identi- 
fied by  the  origiual  field  notes  or  other  unquesliouable  testiioony, 
directs  as  follows : 

"iSeetmd.  Kxtinct  interior  section  comers  inuat  be  re-«Ktab* 
Tifthed  at  the  intersection  of  two  right  lino*  Joiuiii)^  tbe  nearest 
knuim  points  cd  the  ori)(iual  hccUou  lines  east  oiid  west  and 
north  and  south  of  it. 

•'  Third.  Any  extinct  quarter-section  comer,  except  on  frac- 
tional lines,  mnst  be  re-establiabed  ecjuldlstJiDt  uml  in  a  right 
line  between  tbe  section  corners;  in  all  other  cases,  at  its  pro- 
purtionatv  distaace  between  the  uearest  urigiuol  eoruurs  on  the 
nme  \ia»." 

I    The  corueiK  thus  determined,  the  surrcyors  are  rer^uired  to 
perpetuate  by  noting  bearing  treee  when  timber  is  near.     To 
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c«tiiuAtc  proporlT  this  Icgialation,  ve  must  start  with  tbe  wl- 
tnittcd  and  unquestionable  fnct  lliot  cucli  purchiistr  from  gcv- 
eruiiient  bought  such  Umd  ti»  was  within  the  ori^iniU  iMMtuilsrU-x, 
AuU  uwiuestiouably  owueJ  it  up  to  tbe  time  wheo  tbe  monumeati 
hccnnie  extinct. 

If  tbe  xuoniiincDt  was  set  for  an  interior  seotioD  corner,  but 
did  not  ba|)|>en  ta  b«  ••■t^th«  int«rs««tiOD  of  two  right  liaM 
Joining  tbe  neiirost  Icaowii  |M>intit  on  Uie  ortgina)  section  lineti 
e»«t  a.nd  we^t  mid  norlli  nitd  ttnutli  of  it,"  it  uovvrtlitflfM  deter- 
mined the  extent  of  Ui»  poeseHBions,  and  he  gaioe<l  or  lix^i 
ac(x>rdiug  no  tbo  mistake  did  or  did  uot  favor  bim. 

it  viU  pniLtabty  be  admitted  tbat  no  man  loees  title  to  bis 
land  or  any  i>art  thereof  merely  beenntte  tti«  evideucca  becomo 
toflt  or  uncertain.  It  may  become  more  dilBcult  for  bim  to  k»- 
tal>li8b  it  an  a^lnst  an  ndrernL-  cluimaiil.  trat  tb«on:ticalty  tb« 
right  remains  ;  and  it  remains  as  a  potetitiol  fact  so  kmg  a»  li« 
cnu  i>re»eut  tj^itur  vvideutH!  tbun  .tuy  oilier  i^eraon.  And  it 
may  oftuii  liappen  thAt  notwitlisuuiding  the  Iohs  of  all  trace  of 
a  section  corner  or  quarter  tituke,  tticrv  will  stlU  \m  evidence 
fnini  which  any  surveyor  will  be  able  to  delermioe  with  olmMl 
absolute  certainty  where  the  original  boundary  was  between  U»e 
govei'uuieiil  Mibdiri«iuu8. 

There  are  twoseuseit  in  which  the  word  "extinct  "may  be  o>cd 
ill  this  connection:  one,  the  sense  of  physical  diaappeannce ; 
tlie  other,  the  sense  of  loss  of  all  reliable  cvidoncc.  U  tbe 
statute  ^itcaks  of  extinct  comerx  in  Iho  former  sense,  it  la  pbin 
Hint  a  serious  luiaLake  was  made  in  su[)|)o«ing  that  aurvvjon 
conld  be  clotlied  witli  authority  to  establish  new  corners  by  an 
arbitrary  rule  in  such  oases.  As  well  might  the  statute  itvolaro 
that  if  a  man  loeett  his  deM,  be  shall  lose  hia  land  altogether. 
But  if  by  extinct  corner  is  meant  one  iu  res[ject  to  the  actval 
location  of  which  all  reliable  cvidcoce  Is  lost,  then  the  foUoning 
remarks  are  pertinent : 

1 .  lliere  would  undoubtedly  bo  a  pre»uinptlou  in  such  a  cas< 
that  tbe  corner  was  correctly  fixed  by  the  goventmeDt  sorve^r 
where  the  fiekl  D(>tes  mdiciited  it  to  be. 
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2.  Bat  tliin  is  only  a  prci»iim[jtiou,  and  may  Iw  ovprcoiiie  by 
uiy  sutisfnctory  evidence  ahowing  that  In  fact  U  wa»  placed 
elbewliere. 

3.  Xo  fttstiitc  can  confer  upon  »  eoaiity  surveyor  ttie  power 
to  "eBtahlish"  «>mprB,  n.mi  thereby  bind  tlie  pBrtiea  conc-prned. 
Nor  ia  thin  &  qiiv«tiuu  itivrely  of  condict  betireeti  State  and 
Fedcrnl  law  ;  it  Is  a  qiiestion  of  property  rigbt.  The  ori^Dal 
siirvcvfi  most  govern,  and  tlic  lawa  under  wliioli  they  wcro  m&de 
mnst  govern,  bpL'Bime  tite  land  wan  liou^ht  in  ref ereuce  to  them  ; 
an<l  ttoy  legislation,  wtiKlliur  Statu  or  Federal,  that  should  bare 
llie  effect  to  change  these,  would  l>e  inoperative,  because  di»- 
torbtng  rested  ri^^hts. 

i.  Iq  aoy  ciwc  of  diaptitcd  lines,  uukss  the  parties  conocraed 
settle  the  controversy  by  agrGem<>nt.  the  dott^ruiinatiuD  of  it  !s 
iiec««8arlly  a  judicial  act,  and  it  must  proceed  mxtii  evidence, 
and  give  full  opportunity  for  a  hearing.  No  arbitrary  nilcn  of 
surrey  or  of  evidence  can  l>u  lai<l  down  whereby  it  vtiii  bu  nd- 
jadged.  The  ccneral  duty  of  a  Bur%*i>yor  in  such  a  L-aae  \a  plain 
enoogb.  He  i^i  nut  to  assume  thai  a  nioniiiucut  is  lo»>L,  until 
aMer  he  baa  thoronglily  sifted  the  evidence,  and  found  tiiniHclf 
nnablc  to  trace  it.  Even  then  he  should  hesitate  long  before 
doini;  anvtliin;^  to  ttn^diBturbanccof  xvtLlt-d  poitseaniouii.  4)cc;u- 
pation,  especially  if  long  continued,  often  affords  very  siitis- 
fadory  eTtdtnico  of  the  original  boundary,  when  tio  other  Is 
attainable  ;  and  the  Hurveyor  sliniild  inquire  when  it  originated, 
how  and  why  thf  Hiium  were  t1iL-ii  iucnlcd  an  ihvy  were,  and 
wlictbcr  n  elaiii)  of  title  haa  always  a<Tconipanied  tlie  poseeeaion, 
and  give  all  tlie  facits  dtie  forc«  art  evidence.  L'nfortnnntcly,  It  la 
known  that  surveyors  Honietimcit,  in  supposed  obedience  to  the 
StAte  statute,  disregard  all  evidencus  of  occupation  and  claim 
of  tiUui  and  plunt;i'  whole  nci^liborhooda  into  qiinrrels  and  liU- 
gfttion  by  assuiuiug  to  "estahlieb"  corners  at  points  wiUi  which 
tlie  previous  ocenpntioii  cannot  harnioni7.o.  It  is  often  the  ease 
that  wlicrc  one  or  more  cornera  are  found  to  be  extinct,  all  par- 
ties concerned  bare  acquiesced  in  Hues  which  were  traced  by 
the  guid&uce  of  some  other  corner  or  lan<linark,  which  niAy  or 
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mn;  not  have  been  trustwortliy ;  tnit  to  bring  tbcM  lines  ioUt 
discredit,  wbcu  the  people  concerned  du  not  qneatioD  tliem,  not 
only  breeds  ti-ouhiti  iii  the  imigliburhood.  bui  it  iuii«t  oftvu  sub- 
ject the  surveyor  bimself  to  nnnovaiice.  and  jterbaiw  discredit, 
since  in  al<:^al  cuntruvcrHV  tliv  law,  as  well  a»  coaiinoa  sRiise, 
iniiet  declare  tbat  n  eu)r(>osc-d  boutKlury  liuv  \oDg  nt.-qiiii:eocU  in 
ia  hotter  evidi^nce  of  where  the  real  line  shoiihl  be  th&n  anj 
survev  made  after  tlie  original  momiments  bftve  dlMtppeiired. 
StGWBrt  V.  C'nrlL-tun,  81  Mich.  Reportfl,  270;  Diehl  r.  Tao^r, 
S9  Mich.  Ke}jurttt,  (iOl.  And  county  Bun'uyon,  no  more  than 
any  others,  con  conclude  parties  by  their  snrreys. 

Tho  mischiefs  of  overlooking  the  facts  of  posscssioD  unst 
often  appear  in  cities  and  villages.  In  townB  the  block  and  kit 
Btukc-s  xQou  diiinppcar ;  there  arc  no  witness  trees  and  no  mo&Q- 
mente  U>  goverui  except  aucb  as  have  been  put  in  thvir  places, 
or  where  tlioir  places  wore  supposed  to  b«.  The  streets  ar* 
likely  to  be  noon  marked  utT  by  fences,  and  the  lota  in  a  blocb 
will  be  mcasurt'd  off  from  these  without  looking  farther. 

Isow  it  may  perhnpfi  be  kuowo  in  a  particular  caav  that  s 
cert&iu  monument  bUII  remaiuing  waa  the  ittartit^-|>uint  in  the 
ori^nal  survey  of  the  town  plat ;  <»  a  surveyor  settling  io  tiw 
town  may  take  acme  central  point  ah  the  point  of  departure  in 
his  survej-H,  and  nKsumiu^  the  orlgiiinl  plat  to  1m;  accurate,  he  will 
then  undertake  to  Hud  all  (Htreetn  and  all  lota  by  coiirau  and  di>- 
tance  according  to  tho  plat,  raeasui'iug  and  estimating  from  lu> 
point  of  de]ia.rtiire.  This  procedure  might  nnscttle  evofj  llM 
and  every  munument  existing  by  ao(]uiesceuee  in  the  town;  it 
would  he  very  likely  to  change  the  lines  of  streets,  and  rsiM 
controveraiea  everywhere.  Yet  this  ia  what  is  somctilBM 
done;  the  «arvcyor  himself  being  the  Brat  person  to  raise  tha 
disturbing  questionB. 

Snppoee,  for  example,  a  particular  village  atreet  lias  beea 
located  by  ac(|nie3cence  and  need  for  many  years,  and  the  pro- 
prietors in  a  certain  block  liave  laid  off  tbulr  lots  in  refereooe 
to  tliis  practical  locatioa.  Two  lot-ownci»  quarrel,  nod  om  of 
tht-m  calls  in  a  surveyor  that  he  may  be  sure  tbat  his  oeighbor 
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«hall  not  get  an  Incli  of  land  from  hiiu.  This  surveyor  under- 
lakea  to  make  his  surrey  acciirnit;,  whether  the  ori|$iu:i)  was  or 
not,  and  the  tiritt  result  is.  he  notifies  the  lot-oirneri  tliat  there 
is  error  in  the  street  line,  and  that  all  rcncca  should  be  moved, 
sav,  on«  fool  to  lite  east.  Perhaps  lie  goes  on  to  drive  fitakcii 
iJtrough  th«  lilocit  ^ceordiii);  to  thin  (^oncluBiou.  Of  course  if 
he  is  right  in  doing  thin,  all  lint^o  in  the  village  wilt  be  unsettled  ; 
but  wc  will  limit  our  attention  to  the  single  block.  It  is  not 
liki-ly  that  the  lul-owners  will  generaik  allow  the  new  aurvcy  to 
niwettle  tlieir  iK>««<>«:>.iiin:«.  tnit  there  is  alwa^'K  a  j^robability  of 
fluding  some  one  disposed  to  dn  no.  We  shall  then  have  n  law- 
suit:  and  with  what  result?  It  is  a  cotuinon  ciTor  that  llnvs 
do  Dot  bMyune  tised  by  acfjttiescence  in  a  leaa  time  than  twenty 
years.  In  rni-t,  )>y  i^tatiib^  mail  linos  inny  become  i-onoIuMively 
'  fixed  in  lea  yenrs  ;  and  there  is  no  |)ar1lcu1ar  time  tlin.t  sbnil  be 
rcfjuired  to  couclutle  private  owners,  where  it  appears  that  they 
have  a<Tept»Kl  n  jMirticnlar  line  as  their  boundary,  and  all  con- 
cerned have  cultivated  and  claimed  up  to  it.  MoNamara  v. 
Keaton,  Hi  111.  Reports,  VJA-.  Bunce  r.  Hidnell.  4.*)  Mich.  Ito- 
ports,  342.  !*ublie  poliry  reipiircs  th«t  such  lines  bo  nut  lightly 
disturbed  or  disturbed  nt  all  after  the  laps«  of  any  cousidcrablo 
liiiw.  Tlie  litiijiinl,  thtn'rurv,  who  in  Hucli  »  case  pitta  hia 
faitb  on  the  aurveyor,  is  likely  to  auffer  for  his  reliaiicc.  and 
the  Burii'cyor  liintself  to  be  mortified  by  a  result  that  seems  to 
ini)>caeb  his  judgment. 

or  course  nothing  iu  what  has  been  aafd  can  reqaire  a  aar- 
vevor  to  oonccal  bta  own  judgment  or  to  report  the  facta  one 
way  when  be  beliovca  them  to  be  anoUier.  lie  has  no  right  to 
luinleail,  and  he  may  rightfully  express  his  opinion  that  un  ongi- 
aal  moonment  was  at  one  place,  when  at  tbe  sntne  time  he  is 
Bntf«fiMl  thatnequie«een<v  haa  fixed  the  righta  of  parties  as  if 
it  were  at  another.  But  he  would  do  uiachier  if  be  were  to 
attempt  to  *'e8tnbli»h"  mouuiueiita  which  he  knew  would  tend 
t«>  disturb  settled  righta ;  the  farthest  he  has  a  right  to  go  a» 
an  ofllcer  of  the  law  is  to  expreas  his  opinion  wh^ro  the  nioiiu- 
inent  shoald  be  at  the  same  tiinc  that  he  imparts  the  information 
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to  tboso  who  cni[>li>;  him,  and  wlio  miglit  oUierwise  be  mtsledtj 
that  thn  snmo  authority  tliiit  makCH  hiui  no  otflccr,  fiti<l  ontratu] 
him   to   itiukc  MiirvcVK,  also  nllotrB  pni-ties  lo  settle  their  ovaj 
boiindnrjt'  lines,  am}  considers  acqui<9(c«nce  in  a  parlicubir  Uoflj 
Of  mQiiument  for  aiiv  considerjihlc  |ier!od  as  stroDg,  if  not  cou- 
cliiaivc,  cvidoDCo  uf  eucli  acttlcmciit.     The  pe««  of  the  com* 
niunitr  aboolntcly  requires  this  rule.     K<yTC«  v.  Williatnit, 
Mich.  l{{.>|>artH,  S'.i'2.     H  it)  tioi  Iodj;  since  tlut  iu  one  of  tln{ 
Icndiug  cities  of  tlie  State  nil  iittf  nipt  was  maule  lo  move 
tvQ  or  three  rods  into  »  eti'cet,  On  the  gronod  that  a  surv-cy, 
uiidcr  wliich  the  street  had  bceti  located  for  many  yean*,  'had*} 
baeu  fuiiud  uu  a.  iituro  rc^t-eiit  Hiir\'L'y  to  be  erroueuus. 

From  ttie  forepning  it  will  appear  that  the  duty  of  tlie  sur- 
veyor, where  boiimJaric'i  arc  in  diaiinlc.  must  lie  rarie*!  by  the 
circumntaiievs.      (1)  He  is  to  seiireh  for  orijjinal  motiumcutd.  or 
for  the  places  irhcre  they  were  origiually  located,  and  aUo¥ 
these  to  control  if  hn  llnds  tlieni,  unless  he  has  reasou  tobellevp 
that  Bgreementn  of  the  pariiea  expreas  or  implied  hare  reiMlefed 
tht^in  unim|K>rt(tiit.     Ity  moniimeiits  in  the  cuKt'  of  ^vcrnmeDl 
surveys  vre  tnuiiii,  of  i-uinse,  the   eoruer  and  quarter  stakes; 
blazed  Hnefl  or  marked  trees  on  the  linca  are  not  niouutaenti; 
they  are  merely  i;iiides  or  nn^er<{K)st«,  if  we  may  use  tbQ  oc- 
preision,  to  inform  us  with  more  or  lens  accuracy  where  Ike 
moaumcnta  may  be  Touud.     (2)  If  the  original  monumenta  m 
no  longei-  disooveralile,  tbo  question  of  location  becomes  one  «f 
«vi<loQCC  merely.     Tt  is  merely  idle  for  anj  State  atatuCii  lo 
direct  a.  Hurreyor   to  locate  or   "establiah"  a  oomert  as  Ik 
place  of  the  original  tuoiiuineut.  according  to  aomc  inflexible 
rule.     The  surveyor,  on  tiie  other  hand,  roust  inquire  into  i!) 
tfae  facta,  giving  duo  prominence  to  the  a«ta  of  |>»rtiee  coo- 
corned,  and  always  keeping  iu  mind,  flrst,  that  neither  his  opin- 
ion nor  bia  survey  can  he  concluairfi  a]>on  parties  conoeniri: 
and,  second,  that  coiuts  and  Juries  may  be  required  lo  follfl* 
after  the  Bur%-eyor  over  tbo  same  ground,  and  that  it  is  exetoi- 
Ingly  desirable  that  he  govern  iii»  action  by  tbe  same  Ugbts  uid 
same  micii  that  will  goTorn  theira.     Outuwn  plats  if  asuipltBC 
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defiOMOCT  ap)>ears  in  &  block  when  the  actual  Imundaries  arc 
compared  with  thi>  orljrinal  fipiiros,  ai»l  thcro  is  no  «vitlt*ne<*  to 
fix  the  exairt  locatioii  of  the  HtnkoH  whiHi  marked  Uw  diviaioa 
iiito  lolJt,  the  ntle  of  cuiniuoo  acattc  :uk1  ibe  Innr  U  that  the  8ur* 
pliii*  ordeflcierii\v  is  to  be  npiwriioru'd  Iwtireeii  the  lots  on  il» 
wsninption  that  the  error  extended  sUke  to  all  ]>Rrt6  of  the 
bloctc.  O'Brien  v.  Me<;rnne.  39  Wis.  K«ports,  44(i :  tjulnnin  f. 
Beixera.  4<i  Midi.  IteiiortH.  GOX 

It  i.'«  nlwiivh  [NMttiiile  irbcii  comers  are  extinct  thai  ttic  sur- 
Ttyor  may  uscliiUy  act  a«  a  mediator  between  parties,  and  assist 
In  proTontinf!  )ppal  (Wtitroverstic*  hy  settling  douMfid  linen. 
Vnlt^HS  be  is  maile  for  tbia  purpose  an  arliUmtor  by  legal  aiili- 
miaaion.  tlif  parties,  uf  cuui-Ke,  eveii  if  tLey  coDsent  to  folktir 
bia  judgment,  tannot.  on  the  basis  of  mere  ronaent,  be  com- 
pelled to  do  8o;  liHi  if  be  brings  abont  an  agreement,  and  they 
carnr  it  into  effoel  l>y  a«tiially  cmiforminp  their  ocen|mtion  to 
bia  iiues,  tbv  uctiun  will  cuneliide  Uifiii.  Of  cotintc  it  i»  desir- 
able tbnt  all  such  agreemenlR  )>e  reduced  to  writing;  but  tbia  \» 
Dol  alwolutely  indinponsablo  If  they  arc  cnrricd  into  effect  with- 
out. 

JCeander  Linei.  Tt«  aub)eet  to  winch  allusion  will  now  be 
made  ia  taki-n  np  with  aonie  reluctance,  l>ec»iiBe  it  b  belicred 
the  general  niles  arc  familiar.  Ncvcrtheic**,  it  ia  often  found 
tltat  Hur\-eyora  niiaapprebeud  them,  or  err  in  their  nppllention ; 
and  aa  othvr  interesting  topics  are  somewhat  L-onnectctl  with 
tills,  a  little  tini^  devot«il  to  it  will  probably  not  lie  nltogcther 
lost.  The  subject  is  that  of  meander  tines.  These  are  lines 
traced  alon-r  the  shores  of  IiUtcs,  [miikIs.  and  ennaiderable  rivers 
«»  the  measures  of  iiimnlity  when  seeUoaa  are  made  fi-actional 
by  sacb  wateis.  The*«e  have  determined  tbe  price  to  be  paid 
when  ^vemment  lands  were  bought,  and  perliapa  tlic  inigires- 
alon  still  liiigefR  in  iuimn  minds  tbnt  meander  lines  arc  bonndiiry 
lines,  and  all  in  front  of  them  reinntns  tini>o]d.  Of  course  Aia 
la  errooeouB.  There  was  nerer  any  doubt  that,  except  on  the 
lai^  narigable  rivers,  the  boundary  of  the  owners  of  tiie  banka 
ia  tho  middle  line  of  the  river ;  and  while  some  courts  have  held 
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that  this  waJi  the  rale  on  nil  frCBb*watcr  fitmuns,  Iatcc  nod  small. 
(rftien  linvc  lidld  u>  llie  doctrine  tbst  the  title  to  tite  Wd  of  Uie 
wtream  below  low^waltfr  murk  is  lii  tliv  Stale  while  ooomding  to 
tho  owoera  of  tlie  bank  nil  n|»nn»n  riglitN.  The  practicnl  differ- 
cooe  u  not  very  importaiit.  Iq  this  SLaIv  tliv  rule  tlwt  tUc  (.-cutrc 
line  is  Uie  boatHl&rr  Ijiw  ie  npplicd  to  all  our  great  riTcrs,  include 
inp;  tlie  I>L-tn>iL,  vumd  M>meirliHt  by  the  circumstJiDee  or  there 
lifiiifi  B  tlbtitii-t  rtiniincl  r»r  iiikvi|;iit  iou  Iti  some  cases  with  th« 
Htrewii  in  tbv  main  shallow,  and  also  notiiGtimes  by  the  existcnc« 
of  ialuiuU. 

Tbv  truublcMomc  qtiesiionti  for  aurveyors  prewnt  theniselren. 
when  tbc  lioundar^'  line  between  two  oontJguoas  eatatoa  U  to  Iw 
(-■ontioiied  fruai  thu  meander  line  to  the  centre  line  of  ttie  river, 
or  cu(ir»o  the  ori^iniil  nnrrvy  ttiippOiHCD  that  vaeli  ptirt-luuer  of 
latici  "n  tbc  tttrcaui  has  a  watcr-froul  of  the  Ict^th  shown  )>y  tlie 
flvM  tiDtea  ;  Hnd  it  it  prcftiiinablc  that  lie  boiij^bt  lliiit  |mrli<r<iUr 
land  IwriiitHo  of  that  faet.  In  many  eaaos  it  now  hap|>ena  that 
tl)L>  lucuniler  line  i»  \v!l  suiuu  distunn;  from  tbv  shoru  by  the 
gradual  change  of  courtM^  of  the  etroam  or  ditaiautioDof  tlw  flow 
of  water.  Now  the  dividing  line  between  two  ^vernuicnC  «til>- 
divisiooA  nii^bt  strike  the  meander  line  at  ri^ht  n[^fl4>B,  (>r  ol»- 
liquely;  and  in  aome  oaaea.  if  it  were  eontinued  in  the  same 
direction  to  the  cunlrc  linu  uf  the  river,  migbl  cut  off  fmin  Um 
water  oue  of  the  anbtliviaions  entirely,  or  at  leaat  cut  it  oS  f mm 
ivny  privltage  of  navljpition  or  other  vnhmblo  use  of  the  water, 
while  the  otiier  might  have  a  water-rront  much  gnMer  than  the 
leiigUi  uf  a  line  cruHidiig  it  nt  riffhl  uu<|!;lcs  to  ila  side  Hues.  The 
efTcct  niij^ht  be  that,  uf  two  gov  eminent  snlHlivIaioos  of  f*i%ul 
sUo  and  coat,  one  woiiKl  be  of  very  great  value  m  water-front 
pro|M>i1y,  niid  the  other  comparatively  valueleaa.  A  rule  wbicb 
would  proUuee  this  iv«iilt  would  not  be  jii»t,  and  it  has  not  been 
Kcogiiixt<<l  iti  the  law. 

Xevertlu'lesft,  it  ia  iKit  eoity  to  determine  what  ought  to  be  tlw 
correct  rule  for  ever>-  ciwe.  If  ttie  river  ha»  a  straight  course, 
or  one  nearly  »o,  every  man's  e()iiitieti  will  be  prewrred  by  this 
rule.     Kxtcud  the  liuc  o(  division  between  the  two  (Mtvcla  fron 
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tb«  ineADder  line  to  tlic  centre  line  of  the  river,  as  neftriy  »»  pos- 
sible at  right  AQglce  to  the  general  counio  uf  tL«  liver  at  ttiat 
point.  This  ts'll  pre««rve  to  each  man  the  WAt*r-fi'ont  wliich 
the  lielil  uoU'H  iudivnted,  except  an  ebanges  io  ttie  wutor  may 
b&ve  affectiHt  it,  uml  the  only  iucotivcEiiciice  will  be  thnt  tlie 
division  line  l)etweeii  (litTei'ent  siilHlivibinnK  ia  likely  to  be  more 
or  leu  doSccted  irhcrc  it  Htribee  tlic  meander  line- 

Tbia  in  tht!  Icrgal  rtilv,  nml  it  is  not  limited  to  government  mir- 
veytt,  but  npplieJt  a»  well  Io  wnter-luttt  wbioh  npiit-itr  as  miil-U  on 
tnwn  platfi.  Kav  City  Goa  Light  Co.  v.  The  liKliiHtrial  Works, 
3tt  Mich.  Reports,  l>t2.  It  often  bappenii,  tUereforc,  thut  the 
lines  of  city  iutji  houiuled  on  anvignblc  streams  ore  deUo'cUtd  an 
thoy  »trlk«  the  bunk,  or  tlie  line  wlii-rv  th<*  Uauk  waa  when  the 
town  was  Hist  laid  out.  When  the  stream  ia  very  croofeefl,  nn«l 
i:»puciaU>-  if  there  arc  abort  l)ctiiU.  to  that  tla-  foregoing  rnli:  i» 
incapable  of  ntm-I  nppHrnlion,  it  is  Hometimos  V4>ry  dilUoult  to 
deterinioit  what  HJiall  bt>  doui^ :  aiid  in  mauy  vasen  Uil'  surveyor 
noay  he  imdpr  thi^  iiewnsity  of  working  out  a  rule  for  himitell'. 
<Jf  coiirBc  his  nction  caunut  be  conL-hiaire  j  bnt  if  he  adopta  one 
that  follow*,  as  neoi'iy  an  the  oircurasitances  will  admit,  the  gen- 
eral rule  abovti  iudicatud,  so  aa  to  divide  as  near  as  may  be  the 
bed  of  tb«  stream  amiing  the  adjotniii^  oiviiera  in  pra|>ortiou  to 
their  linea  upon  the  ahurc.  Im  diriHion,  being  tliat  of  on  ex|wrt, 
dukIu  upon  the  ground  and  with  all  avatlablu  llghta,  i«  likvly  to 
Iwj  adopted  as  law  for  thf  cane.  Judieiul  deoiBiunu,  into  which 
the  aiirveyoi'  would  lliid  it  pritdt^itt  to  look  under  ttuih  oirL-iiiu- 
Htances.  will  throw  light  upon  hia  duties,  and  may  conatitnte  a 
auOlcivDt  guinlv!  wbuu  peculiar  coaea  arise.  Each  riparinn  lot- 
owner  ought  Io  haw  a  line  on  the  legal  boundary,  namely,  the 
ceutii!  line  of  the  Htruain,  proportiuuml  to  the  length  uf  his  Hue 
on  the  ahore ;  and  the  problem  la  eacli  cane  in,  how  thia  is  to  he 
given  liim.  Alliiviou,  when  a  river  iiniM-rccptihly  rhaagcH  ita 
course,  will  be  iip|>ortioned  by  the  aatnc  rules. 

Tbv  csiHU>ii<^-o  of  Lblauds  tn  a  stream,  wimti  the  middle  liao 
voostitatea  a  honndnry,  will  not  affect  the  apiiortionnient  iinleaa 
the  ialanda  were  Kimeycd  out  aa  gOTcrnment  auhdiviatons  in  the 
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origiaal  admeaaureraeiit.  Wliererer  that  was  the  case  the  ptir- 
chasL-rof  ibt-  isluud  divitlfii  llit;  bt-Ml  uf  Uic  stix-atn  on  eucli  side 
with  thi-  owner  of  the  Imtifc.  nud  hia  rights  al^o  exlvnd  ubove 
And  below  the  solid  ^ouud.  aud  arc  IiiDit«d  b^  the  peculiarities 
of  the  bed  nud  tlie  channel.  If  on  iHland  waa  iiotBDn'cved  rs  a 
governiiK^Qt  subdivUion  [jrerious  to  the  aale  or  the  batik,  it  is  of 
courHO  iuipoasihle  to  do  this  for  the  purpoaesof  ^vi:miut:ut  sale 
afterwaitb.  for  the  reason  tliat  the  rights  of  the  luink  owners  are 
fljccd  by  their  ikiirolituc :  ■when  Ttuikiiig  that  they  have  a  right  to 
understand  that  lUl  laud  between  the  meander  lines,  not  seiHi- 
rutety  Hiine.vetl  ftud  auld,  will  jjuss  with  thv  shore  in  tht*  guvi'ru- 
lueiit  sale;  and  having  thia  right,  anything  which  their pnrcliSAe 
would  iucludc  under  it  cauuot  aft^rwardB  be  taken  from  tliem. 
It  is  believed,  however,  that  the  FederiU  oourtH  wuiikl  not  row^- 
nize  thu  applicability  of  Uiis  rule  to  large  uaviguble  rivens,  such 
»»  those  imiting  tlie  (Irent  I^kes. 

Ou  all  the  little  lakes  of  the  State,  which  arc  mere  expntiBiona 
uoar  their  mouths  of  the  rivet's  pafrsing  tfarongh  tbeni,  —  sach  aa 
tlie  MiiHkogon,  Fere  Map<]uetl«.  and  Manistee, — tlie  same  mleof 
bed  owneiishi])  h:LB  bueu  judicially  applied  that  in  applied  to  the 
rivers  themselves;  and  the  diviaioti  lines  ore  extended  uuder 
tlie  water  iu  tlic  same  way.  Rice  v,  Ruddiman.  10  Mich.  ISS. 
If  such  a  lake  were  eirculnr,  the  lines  vrould  converge  to  tbe 
centre  ;  If  oblong  or  irregular,  there  might  be  a  line  In  tlie  middle 
on  which  they  wtiiild  tennlnnte,  whose  course  would  bear  some 
rclatiou  to  that  of  the  Hhore.  Dut  it  can  seldom  be  important 
to  follow  the  division  line  very  far  under  the  water,  siocc  all 
private  rights  are  subjeet  to  the  pnbltc  rights  of  oavigation  and 
other  uHo,  nnd  any  private  uoc  of  tlic  lands  inconsisu-ut  with 
these  would  be  a  nuisance,  and  puniBhalrfe  as  sucb.  It  is  some- 
times imgiortaut,  liow<.*vcr,  to  run  tlit*  liiies  out  tor  some  consid- 
erable dislanoc,  in  order  to  determine  where  one  may  lawfully 
moor  votfsols  or  rafts  for  tlic  winter,  ur  eut  ioe.  The  ice  crop 
that  fiirms  over  a  man's  land  of  conrac  belongs  to  him.  Lorman 
V.  Iteusun,  a  MicU.  I8  ;  People's  Ice  Co.  i'.  Steamer  Kxceblor. 
recently  decided. 
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What  is  Boid  aborc  ivill  hHow  liow  unfouDded  is  the  DoUoDt 
Urilpb'te  eom«Ciin«8  advanced,  ttint  a  ripariau  proprietor  on  a 
IWlllllied  river  may  lawfully  raise  iUe  wiiUrr  in  die  Btroftra 
withoot  liAbility  to  tbe  jirupnetons  above.  provUled  lie  doen  not 
raise  it  so  ctint  it  overdow.-i  the  meAuder  line.  Tlie  real  fact  in, 
tlial  the  meander  liuo  has  nolhing  to  do  with  eur-li  a  (rase,  otid 
•n  Actioo  will  lie  whenever  he  Mt»  baclc  tbc  wiitcr  upon  the 
proprietor  ahove.  whctbvr  the  overllow  \te  beiow  tlic  lueaiidor 
lme»t  or  xbovu  tlii'iii.  Aii  regards  tbv  lakes  aud  jHiuda  of  tlw 
State,  one  may  cnflily  raiae  qneLfltioiiB  ttiat  it  wniild  be  imposeible 
for  liim  to  svtUc.  Let  us  suirgcet  a  few  qui»tiotiB,  some  irf 
whicli  are  easily  anawereU ,  atnl  »otne  not :  ( I )  To  whom  belongs 
tbe  IjLud  uudur  tbi'Me  tiodieiK  of  watiT,  wli^re  tliey  are  cot  mere 
expaD^na  of  n  stream  flowing  tbroiigb  them?  (2)  Wliat 
publiu  rigbt«  exist  au  tbeni?  (3)  If  there;  arc  islands  in  tliem 
which  were  not  eiirveyed  out  and  gold  by  tbe  United  Stales,  caa 
this  he  dou«  uow  ?  Others  will  bt>  fiuggeottid  by  the  answers 
givett  to  the»e. 

It  Mema  obviou»  that  the  rules  of  private  owner»tup  which 
are  applied  to  riwia  oaiinut  bu  uppliud  to  thv  ijtuat  Lalcea. 
Periups  it  should  be  held  that  the  boundary  is  at  low-water 
mark,  but  improvemeDts  beyond  this  would  only  bceomo  unlaw- 
ful when  they  became  nuisances,  tslaada  in  the  (^ireat  Lakes 
would  bcloug  to  the  United  States  until  sold,  ouit  might  be 
surreyed  au^l  meaauied  at  any  time.  Tbe  right  to  t&ke  flab  iu 
th'>  lakes  or  to  cut  ice  \i  public,  like  the  right  of  navigatioD, 
bat  is  to  he  exercised  hi  BUoh  manner  aa  not  to  int«i'fero  wiUi 
the  righu  of  Ahure-owuers ;  but,  so  fax  as  these  public  rights 
can  be  tlie  nubjert  of  ownerahip,  tbcv  belong  to  thL-  Stutc-,  not 
the  UQite<i  Sljites  ;  aud  ito,  it  it  tx'licved,  does  tbe  bed  of  a  lake 
also.  Pollnrd  v.  Hngan,  3  Howard's  U.  S.  Kepurts.  But 
such  rights  are  not  generally  considered  proper  subjeeta  of 
esle,  bill,  like  tbc  right  to  make  ii»e  of  the  publie  highways, 
they  are  held  by  the  State  iu  tniet  for  all  the  people.  What  U 
Mid  of  tbc  large  lakes  may,  perhaps,  be  said  also  of  maay  of  th« 
interior  lakes  of  the  State ;  such,  for  esample,  as  HoughtOD, 
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IligfriuH.  Cbeboj-^D,  Burt'81  Mullet,  Wbitmore,  ftnd  many 
others.  But  there  are  tnatiy  littl<>  loke»  or  ponds  whieli  aro 
gnuluAlly  (U«ip))earliig,  niid  the  shore  proprtelorsliip  ailvanceH 
pari  pataK  aa  tlic  waters  recede.  IF  thetw:  arts  of  uij  cotwidcr- 
Bb]e  size,  —  say,  cvcti  a  niilt'  aiTUBtt,  —  tlierc  lunv  Iw  qu««Liuiu 
of  counicting  rigtitfl  nliicli  no  aijudicatiou  hitherto  made  coald 
settle.  Lot  niiy  surveyor,  for  cxftiiiplis  take  the  case  of  n  [iood 
of  irregular  form,  occupying  a  mile  square  or  more  of  territorj", 
and  umli:rtnkt!  to  (IcteimiuL-  tliL-  rigbLs  of  iUb  sUorc  iiroprwtom 
to  its  bed  when  it  Hhuil  lutally  dUappi/uv,  luid  he  will  SmI  be  ia 
in  the  midet  of  prolil^nie  such  as  prolinWy  h«  lias  never  p-appled 
with,  or  rpfleot^cl  upoM,  heforo.  Rnt  tlio  gcnentl  mien  for  tlie 
cxtenaion  of  shorr  lines  which  have  already  lieen  laid  down 
6lionI(l  goveru  such  ctucs,  or  at  leMt  should  serve  aaguidea  10 
their  settlement. 

Where  a  iiond  \»  «o  stmnll  a«  to  he  included  within  the  lines 
of  a  private  pui-ehaae  from  the  ^(ivernmeot,  it  is  not  believpd 
the  public  have  any  rights  in  it  wLnturer.  Where  it  la  uot  so 
[nulnded,  it  U  believed  they  have  rigtita  of  fishery,  riglit^  to 
take  ice  and  water,  and  rights  of  navigatioD  for  busiueee  or 
plenxnrc.  This  i»  the  common  belief,  snd  probably  tim  jtist 
one.  Shore  rii^hta  must  not  l>e  so  exennsed  aa  to  distarb  theae, 
and  the  Stntes  may  pusti  all  proper  Iitivs  for  rJicir  protection. 
It  wonld  l)e  easy  with  auitahle  legislation  to  preserve  tbe»e  littJe 
bodica  of  water  as  pcrmauont  place*  of  resort  for  the  pleasure 
atifl  recreation  of  tho  pi^nple,  ;ind  tliere  nitf^ht  to  be  midi  legi<ila- 
tiun.  If  the  State  (thoiilil  lie  rei'o^iitKed  as  owner  of  the  beds 
of  thene  snmll  lakes  an<l  ponds,  It  wniild  not  he  owner  for  iIk- 
purpose  of  selling.  It  would  be  owner  only  aa  n  trustee  for  tlie 
public  uxe;  and  a  aalc  would  be  iiioootti^tent  with  the  rif^ht  of 
the  btiuk  owuers  tu  make  use  of  the  wnter  in  itA  natural  eondi- 
tjoa  in  couaection  with  their  estates.  Some  of  them  might  be 
ni:ide  salable  Inndx  hy  draining ;  hut  the  State  oiild  not  ilraini 
even  for  this  piinwHc,  against  the  will  of  the  shore-ownera,  uii- 
teas  their  right*  were  appropriated  and  paid  for.  Upon  many 
questions  that  Juight  sriau  between  the  State  aa  owner  of  the 
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bed  of  ft  little  ]f^e  and  the  sbore-owners,  it  wonld  be  presump- 
taoQB  to  expreaa  an  opiDioB  now,  aod  fortunately  the  occasion 
does  not  require  it. 

I  hare  thns  indicated  a  few  of  the  questionB  with  which  snr- 
veyors  may  now  and  then  have  occasion  to  deal,  and  to  which 
ihej  should  bring  good  sense  and  sound  judgment.  Surreyors 
are  not,  and  cannot  be,  judicial  officers,  but  in  a  great  many 
cases  they  act  in  a  qvoBi  judicial  capacity,  with  the  acqaiea- 
cence  of  parties  concerned ;  and  it  is  important  for  them  to 
know  by  what  rules  they  are  to  be  guided  in  the  discharge  of 
their  judicial  functions.  What  I  have  said  cannot  contribate 
much  to  their  enlightenment,  bat  I  trust  will  not  be  wholly 
withoat  ralne. 
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TABLE  IV, 

~  • — 

For  DETFittrnaKo  with  Greater  Accnucr  tbas  cam  bb  doks  st 

URA)>!<   or    Table   III. : 

1.  log  atn.  log  tan,  nnd  tog  cot,  when  the  angle  U  between  (f  and  2" ; 

2.   log  cox,  log  ia»,  and  log  cot,  when  tlie  angle  is  hctwccn  88"  and  90° ; 

8.  The  laluv  of  tbo  angle  when  tlie  loguriUmi  uf  Uic  fiuictiou  does  not 

Ue  between  the  limits  S-  54  684 and  11. 46  316. 

FORMUl-Ag  FOR  THE  USE  OF  THE  NUMBERS  8  AND   T. 

I.  WTien  the  angle  a  is  between  0*  and  2* : 

U>g  Bin  a  =  log  n"  +  S, 

log  a"  =  log  8ln  «  —  A                     1 

log  tana  =  log  o"+  T, 

=  logtaa«-r,                   1 

log  cot  a  =  colog  tan  a.                                              =  oolog  cot  a—  T. 

U.  When  the  angle  a  ie  between  8«'  and  9V  t 

logcoa  a  =  log  (M»-o)"  +  S.                    log  {W-ay'=  log  coma-S. 

log  cot  o  =  log  (90°— o)"+T.                                              sloctcota— 7*. 

log  tU  a  =  colog  cot  a.                                                                  =  COlOg  toaa-j; 

anda  =  M*-(»Q"-o). 

1 
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TABLE   IV. 

This  taMe  ipa^  50')  must  be  iib»I  when  great  Bceiiracy  in  desired  id 
working  with  angles  l)etween  0'  siid  2°.  or  betweeu  86"  and  90*. 

The  vsluea  of  8  and  T  arc  aucli  that  when  tbe  angle  a  is  exprenHed 
in  BccoDds, 

S  =  log  tin  a  —  log  a",  . 

T=  log  tana  — logo". 

Hence,  follow  the  formolag  given  on  Uie  page  containing  the  table. 
The  vftliiei*  of  S  and  T  arc  priuU-d  wilJi  the  characteristic  10  too 
lai^e,  and  m  using  them  —10  must  always  be  annexed. 


• 


Find  log  sin  0»  58'  17". 

0'68'n"  =  8497." 
log  ^B~  =  3.&43T0 

8  =  4.08S55-10 

log  ^  0°  fiS*  1  >"  -  ».WJi5  -  10 

Find  log  tan  0' 52' 47.5". 

0>6i'  tr  J)"  =  3161.5." 

log  8167.6  =  3.60078 

T  =  4je8G01'10 

log  Tan  0°  &2'  47  A"  =  &1Be33  - 10 


Fimilog  co8  88°  26' 41.2". 

ay-ss"  W4ia"^  i'33'  laa" 

=  6M18.8." 
log  b&ms  =  S.74800 

tag  eo*H8°  36'  U2"  =  8.433(tl  -10 

Find  log  tan  89'  64'  S7.362". 

80°— ««"  M'  &-.m-j"  =  sn.ass". 

log  332.K»<  =  2.60871 

T=  6.88568-10 


loKolSft'M' 37.362"=  T.1M21I— 10 
lug  t«n  SOP  M'  37.362"  =  2.80671. 


Ffod  the  angle,  if  log  BiQ=  6.72306— 10. 

6,72300  -  ID 
:  4.8M&7  -  10 


S  = 

Subtract, 


S.I>3T4fl  =^  log  1W.015. 

l(».015"=0''  1M9,016". 


Find  tbe  angle  for  vhich  log  cot  =  1.67004. 

colffg  cot  =  8.32300  -  10 
T  =  4.68M4-10 

Subtract,      3.03883  ^  log  4348.g. 

4W8.»"=1MS'2*.S". 


F^nd  tbe  angle  for  whii'li  log  tan  =  1.55407 
col«gtMi=8.44&03-10 
T=4.S8£«»-10 

Subtract, 


and 


S.7(W2-I  =logR767,«. 

6767.(1"=  1"^' 57  jd". 
90"  -  f  85'  67.9"  =  88"  24'  S.4"  =  angle  required. 


1 


^      62                                                                                 ^^^^^^ 

^ 

TABLE  y.                    ifl 

Snowtxo 

LzxcTBi 

n 

r  LA-mobs  a«i>  Losanvm  t»  liirwrnxuxT  LAmniE*.           ^H 

Dei.hkb 

m  TUB  rAKAU.BI. 

Dumu  or  TiiK  UBHimix. 

1 

Lailiuds 
of 

l-anllvl. 

SauUod 

XllM. 

SUtuto 

•^" '"'^     Hit--        Hl>^ 
rolnt. 

20" 

56,404 

6(018 

20f> 

59*64 

68,777 

■ 

21° 

S&M9 

Gt.S98 

H 

■ 

«2= 

55^57 

64.158 

H 

23« 

SS.258 

a.tfM 

H 

24° 

54543 

61,219 

H 

25< 

54.411 

62.721 

25» 

59.706 

6aS25 

H 

260 

53.962 

62.204 

'H 

27" 

53.197 

61.,()6S 

H 

280 

53  016  '    61,113 

H 

Z9« 

52.518  1    60.540 

^1 

300 

52.00.? 

.W,948 

30^ 

59.749 

6&S7S 

H 

31° 

51.476 

59,338 

H 

32" 

50.9131 

53.709 

H 

3.1" 

50J70 

SSi)63 

S 

34" 

49.794 

S7J99 

S 

35' 

49,203 

.^6  718 

35° 

59.796 

6a929 

H 

36" 

48.597 

56.019 

H 

37° 

47.976 

S5JIM 

H 

38« 

47.341 

.54,571 

H 

390 

46. '^60 

.U822 

H 

¥)^ 

46,026 

.53.056 

40" 

59*47 

GBX7 

H 

41° 

4.(J4S 

52274 

H 

42° 

44.634 

51.476 

H 

43<» 

43.949 

.^0.(562 

H 

44" 

43.230 

49,833 

H 

45° 

42.497 

48988 

450 

59.899 

69048 

^1 

46° 

41.7S2 

48,128 

H 

470 

40.99.1      47.2M 

H 

48" 

40.222 

46,36S 

H 

490 

39.459 

45,462 

^1 

$0° 

38,643 

44..545 

SO" 

99.951 

MilOS 

■ 

■ 

b 

^B 

H^ 

^^^^^ 
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TABLE   VL 


AKU  FBET. 


1 


■-  J.l-tlS9265 
^0.10132118 


Log*riduB> 
0.497  H99 

9.S028S01  - 10 

0.9942997 

9.0057006-10 


y/r 


,  =  1.77245385 
.  =  0iMl99i8 

,=  1.4«5918» 


LogvittuDi 
0.2485749 

9.7514251-10 
0.1«Sn66 


(^irctimfrrvDce  ul  uirclir,  iliaiuetvr  helag  uniljr, 
Ar»a  of  rirclc,  radiim  l^'intt  unity  .... 
SurfdCG  qI  iphcn,  (liaincltr  Wing  unity 
Ar»-»  of  4  drclc,  dliiiiolcr  boing  nniiy    , 

Vtiluiut.-  uf  »pli(!K,  dlamelcr  1ioln)2  unit; 

Voluiw  uf  ■phcn-,  radius  Iwliig  unily  .  ,  , 

Are  wltuu  lifUKtIi  it  ei|unl  to  tlie  ndlus : 
£xpr««wd  In  dtrKrtca    


uniljr,  k 

■:.:r" 


3 


180 


Expretaed  in  miDUte 

ExpTMMd  in  aecomU   .  .  .  .  . 
If  radiua  »  utitty  : 

LvDftb  of  arc  (ur  ono  dcgrw; 


loaoo  , 

« 

643000 


ISO 


Length  irfitro  for  i>ni<  mlnQl^  . 

LvDKlIi  of  arc  tor  one  MCoDd  , 
Sine  of  line  H>cond 


loeoo 


frtaooo 


3.H1J9265 
:  0.78S39S2 
:  0.52^59878 
:  4.1887902 

:  57  WSTTgS" 

i  3437.74677' 

206264.806 

=  0X1174533 
=  00002909 


0.49714W 

9.895061W  -  10 

9.7J89986  -  10 

0.6220886 
'It " 
l;7Sei2« 

3.^62739 

5,3144251 

8.2418774  -  10 
6.4637261  -  10 


=  OJ00000485     I  4/«Si7487  -  10 


B»»c  of  njixrlolic  or  Nujiicr'*  S/Rh-tn  of  T.<oKBrillin»  ,  •- 
Modulo*  nf  CotDRion  or  ItriiEgt'  Syttviu  uf  LoKHrilhuu.  ^ 

Kquatorinl  rmdiiu  of  Itic  tarlli  in  frvt 

Pdlar  ndiui  ot  tlir  rnrtli  in  (t-t-l 

t«n^th  nf  d^gnv  of  tntitiidi'  ai  itio  c<|uiili>r,  is  fc«t   .  . 
I^'flKtli  of  dvfm-c  of  laiUiidi-  ut  ia",  ill  fvvt : 


.0.00000485 

:  2-71S28I8 

:  0,4342945 

20923600 

20853657 

^  362748.33 

.164571.77 


4Ji8i5T487  -  10 
0.4342945 
9-6377843  -  10 


FSrt.     UvrnitB.  |  Craj.-ci. 


r 

2 
3 

4 
5 
6 

r 
s 
» 

10 


0.3048 
a60'X. 
0.9144 
1.2192 
1.5240 
1. 8288 
2.13.16 
2-4-«4 
2. 7412 
3.0430 


0.01  .M 
0.U303 
0,04  5  S 
D.0f«6 
0.07.';8 
0.0909 
OlOTir 

omi 

0.1364 
01S15 


iLtlKUa.        FiET. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


3.2809 

98426 
]i.l2:» 
16.4tH4 
19,6852 
U.96r,\ 
26  2470 
29  5275 
32.S0S7 


TABLB  VII. -TRAVERSE  TABLE. 

TUis  tabic  gives  the  latitudu  and  deiitutiirc  lo  tbrfc  pUcoa  of  deci- 
luaU  for  d'lHlaQcca  from  1  to  10,  uorreepoadiiig  to  beariagH  from 
0°  to  V0\  »t  iuterviiU  of  I.V. 

If  th«  ttejuring  does  not  exceed  4i*j  it  U  found  in  the  If/t-kand 
oolunm,  and  the  designadoiu  of  tbe  columiu  under  '^DUtaace"  arc 
Vakuii  frotu  tliu  t'jp  of  ttic  pugu ;  Init  if  the  bearing  exceeds  45^,  it  u 
found  in  the  ri^ht-kand  column,  and  the  deeignatiooa  of  tbe  colamns 
under  "Df^tnnfo"  nro  taken  Srom  the  bottom  of  tbe  pa%(i. 

The  method  of  UBing  the  table  will  be  made  plain  hj  tbe  following 
examp!e)i : 

1.  r.et  it  be  retiiiired  to  find  the  latitude  and  departare  of  a  line 
ntnninjf  N.  SS'  15'  E.  6  chains. 

On  pftgv  80,  Icft-liKnil  oolunm,  look  [«r  36°  !£';  oppa«it«  tlu*  bcBrtng,  ta  Ui* 
vertical  column  IickiIciI  *'T>iataiicv  4,"  are  found  iMO  uiil  9.4)^,  nndor  the  head- 
inn!  "LuUtuiIe"  and  ■'Departuro"  KipectirDl;.  Uvnue  latitude,  or  northtBg, 
=  1000  cUaiiu,  aad  departure,  or  «iitting,  =  3.403  clutini. 

3.  L«t  it  be  required  to  find  tlie  latitude  ntid  departure  of  a  line 
running  S,  87*  W.  2  chains, 

A>  the  IwariUK  rzcveda  tf)".  we  look  in  the  TiKHt-hand  colatnn  on  pag*  6C,  hm] 
oppoiit4>  RT',  in  Ihe  column  marknd  "  Dunnnca  S,"  <ire  find  (taking  the  d«*tgna- 
lionB  of  tlic  culuinna  fruni  tlii'  bottom  uf  tlic  pagv)  latitude  —  1X105  chain*,  and 
deparlore  =  I.Oi^  chains.  Hence  latitude,  or  lOUthiDg,  =  0.106  chuni,  and  depart- 
mt,  or  wettiBj^,  =  1,997  cb*in» 

8.  Let  it  be  required  to  find  the  latitude  and  deputtiro  of  a  line 
nianing  N.  15°  45'  W.  27.S6  chaina. 

In  thii  CMC,  wp  find  llip  irq^oiri'd  immbrr  for  wnh  flfar*  of  ibo  distance  icpa- 
rat«l]r,  arraiigini;  the  work  tu  ia  the  follovin^  table.  In  prac11c«,  onljr  ilic  Uat 
columns  undtr  "  Latitude"  and  "'  Departure  "  (irc  writtwi. 


X>lat«n««i. 

Latltadv. 

Svportiurw. 

m      =  S  X  10 

7 

0.8   =3^10 

0,0(1  =  B  ^  100 

0.787 
2.887  .K  10    =0.388 
5.775  +  100  =  Oj058 

0.U3X   10^6.43 
1.90 
OXU-h  lO^O.OBI 
1480  •^  100  =  0.D1« 

■21. m 

«i).a-M 

7  42; 

M 


Hence  latitude  =  S8.S34  chaint,  and  departure  =  Ij^  ehaim. 


A  TABVE   OF  TUK  ANHLRS 

WJileh  erety  Pafjil  and  Qunrtrr  Pulnl  of  the  Cviitpie»  mtiket  teilh  titf  Vrrfdfun. 


Nortii. 


N.-by  E. 


N.N.E. 


N.E.byK. 


NX. 


Vl.lyyW. 


PalnM. 

0-^ 


N-N.-W. 


N.W,  by  it. 


a 


K.W. 


N.E.tayE. 


E.N^. 


M.W.byVr. 


■wjr.Tw. 


E.  by  N. 


East. 


W.  by  N. 


"WTeBt. 


:1 


0  f     IJ 

1  4S  U 
1  37  M 
S  »  IB 

II  U    0 


u  s  u 

18  MM 

la  41  la 

u  ao  0 


BiSti 

■a  7  x 

MM  lb 
»  «_0 

M  33  4S 
3S  XI  30 
41  It  IS 
1&    o   o 


I'lilnU. 


T-TT 

!4 


t-* 

1-1 

a 


Soutli. 


S.  by  E. 


S.S.E. 


S^.  by  S. 


4:  4ft  4A 

m  37  30 

u  »)  It 

M  IS    O 


»  a  4fi 
SI  u  so 

M  ti  la 

01  30    O 
TO  !■  .is 

n  Tw 

TSU   0 


■I  33  w 

N  33  ao 
n  ti  II 
woo 


3;^ 


S.E. 


S.E.  by  E. 


E.S.E, 


0 

a 

T 


ll 


!:| 


E-byS. 


East. 


S.  by  ■W, 


S.S.TW. 


aw.  by  a 


S.'W. 


S-TW-by-Vr. 


"W7.S."W. 


■w.i^s. 


•Pgest.  ^H 


"^U 

^H 

^M 

1 

56             TABLE 

vn." 

-TK.W'KKSK  T.V1;LE. 

1 

Bcbring. 

Dlstoaco  t> 

Dtotanc«2. 

DlateiM«3. 

D1»UU)««4^. 

IMstaucc  5. 

B«^ 

o     » 

LU. 

Itap. 

Lu. 
2,000 

D.p. 

Lat. 

D«p. 

Ut. 

QJOl? 

IM.    1    Dtp, 

'j     I 

016 

lOOO 

OOCH 

0.009 

3  000 

0.013 

4.000 

ijno 

0,022 

MP  45 

30 

l.OOU 

0,ULy 

2.000 

0.017 

3XXX1 

0,026 

4.000    OJUS  1 

iJUUO 

OJOH 

» 

4e 

l.OOU    0  013 

2,000 

0.026 

3.U0O 

0039 

4.0G0 

0J>S2 

s.nnn 

0.065 

U 

1   0 

i,axj ,  0.017 

Z-CWO 

00.1! 

JOOU 

0.052 

3.999 

OjOTO 

4.999 

0.087 

W  C 

IS 

1.000 

0022 

2000 

0(M4 

29'W 

0.065 

3.999 

OJ067 

4.999 

0.109 

45 

90 

1000 

co;-". 

1.999 

0.0,!2 

2.999 

0,079 

3.999    0.105  1 

4,99S 

0.131 

U 

46 

1.000 

0.031 

i.yw 

0.061 

2</W 

00l« 

3.99S    0.122  1 

4,993 

0.153 

1; 

a  0 

0.9W 

OOJi 

1.9W 

0.070 

2'WS 

0,105 

3.99S 

0.140 

4.997 

0.17+ 

88  ( 

le 

Q.V/) 

0.039 

I.99S 

0.0:9 

2.9«J8 

0-113 

3,997 

0.1. «i7 

*,996 

0.196 

it 

30 

(}.9» 

0.(H4 

1.998 

0087 

2,997 

0,131 

3996 

0.174 

4.995 

OJIS 

m 

4S 

o.9yy 

0,£K8 

1.996 

a096 

2.997 

0144 

3.995 

0.192 

4.WM 

O-240 

Is 

3   0 

0,'//J 

0.0-i2 

1.997 

0.105 

2.996 

0157 

3.995     0.209 

4993 

0?f^>. 

«  * 

IS 

0.953 

0.057 

1.997 

0,113 

2  99.1 

01  ;o 

3.994 

0^27 

4.992 

OKI 

ti 

JO 

0.9M 

0.061 

1.996 

0.122 

z.'m 

0183 

3.993 

0.244 

4.991 

OJOS 

N 

46 

0.993 

0,065 

1.996 

0.131 

2.994 

0196 

3,991 

0.262 

4.999 

0J2; 

]i 

4    0 

O.f/JS 

0.070 

1.995 

0  140 

2  993 

0.209 

3.990 

0.279 

4,988 

03+9 

m  f 

IB 

0.997 

0074 

1.995 

ons 

2W2 

0,222 

3,9S9 

0.296 

4.9S6 

0J71 

u 

3<) 

0,997 

0,07S 

1.994 

0.157 

2,991 

0235 

3.9SS 

0J14 

4.985 

OJ92 

» 

ia 

0.997 

0.OS.1 

1.993 

0.166 

2 -WO 
2.9» 

024S 

3.'»86 
3.985 

0.3.11 

4.9S3 

4.'>S1 

0414 

J 

5  0 

0,996 

0,0S7 

i.VfZ 

0.174 

0261 

0.349 

6.436 

M  t 

IS 

n.99f. 

0,0^2 

l-'»2 

01S3 

2.9S7 

0275 

3.983 

03««. 

4.979 

0.453 

U 

1 

» 

0,91^5 

0.TO6 

1-991 

'..192 

2,986 

02Ki 

3-9S2 

OJ83 

4.977 

0479 

11 

40 

0,99S 

O.IOO 

1.990 

0200 

Z.9&S 

0301 

3.980 

0.401 

4.975 

0.501 

U 

a  0 

o.w.'i 

0.105 

l.'JSV 

tl.20v 

2.9S4 

0-314 

3.978 

0.4  IS 

4.975 

0.523 

94  1 

IB 

O.VM 

0.109 

J.9SS 

0.2!  S 

2.'.«2 

0J27 

3.976 

0,435 

4.970 

0.544 

d 

30 

0.994 

0.133 

1.98- 

0.2?A 

2.9S1 

0J40 

3.97+ 

0.453 

4.968 

0566 

a 

46 

0.993 

0.11S 

1.9S6 

0.23$ 

2.979 

0J53 

3.972 

0.470 

4.965 

0.5S3 

> 

7    0 

0.993 

0.122 

I.9S5 

OJ+4 

2.978 

0.366 

3.970 

0.487 

4.9G3 

0.609 

830 

L6 

0992 

0.126 

1.9&t 

0.2S2 

2  976 

0,379 

3,968 

0.505 

4.960 

0.631 

6 

30 

0991 

0131 

1.9&! 

0.261 

2  974 

0.392 

3.966 

0.522 

4.957 

0,653 

a 

40 

0.991 

O.US 

1.9S2 

0.270 

2.973 

0.405 

3.963 

0.539 

4.954 

0.67+ 

a 

8    0 

a.'fju 

0,139 

I'iSl 

0-27S 

2971 

0418 

J.961 

0.5  57 

4.951 

0.696 

83  0 

IB 

0,900 

0.143 

1.979 

o.2sr 

2969 

04.30 

3,959 

0.574 

4-94S 

0.717 

« 

30 

0.9S9 

0.14S 

1.978 

0J9C. 

2,')67 

0.443 

3.956 

0J91 

4.945 

0.739 

B 

4G 

0.9SS 

0,152 

J. 977 

OJIH 

2.'J6S 

0456 

3.953 

O.60S 

4.9*2 

0.761 

U 

e  0 

0.98s 

0.156 

1.975 

0J13 

2.963 

0469 

3.951 

0.626 

4.938 

0.752 

810 

IC 

0.9S7 

0.161 

1.974 

tiJ21 

2.961 

04S2 

3.9+S 

0.643 

4.935 

0,904 

B 

30 

0,98rt 

0,165 

1 .973 

0.3.30 

2.959 

0.495 

3.9+5 

0.66O 

4.931 

0.S2S 

10 

iS 

0.980 
0.9S5 

0, 169 

1.971 
1.970 

0.339 

2957 

0.508 

3  942 
3.939 

0.677 

4. 928 
4.924 

0847 
0i6.S 

10    0 

0,174 

0J47 

2.954 

0.S21 

0.69.5 

16 

0,9SI 

0.178 

19GS 

0J5& 

2,952 

0.534 

3.936 

0.712 

4.920 

0890 

e 

30 

0,983 

0.1S2 

19f>7 

0,36+ 

2.950 

O-S+7 

3.953 

0.729 

4.916 

0-911 

» 

49 

0yS2 

0.1S7 

1  'XiS 

0,373 

2,947 

0,560 

3.950 

0.74f. 

4.912 

0.933 

a 

11    0 

U,982 

0,191 

1,'Xii 

0,3S2 

2,945 

0,572 

3.927 

0.765 

4.90S 

0,95+ 

;•* 

19 

0.981 

0.195 

l.%2 

OJ'Xl 

2.942 

0.5S5 

3.923 

0.7S0 

4.9(H 

0.975 

ti 

30 

0.9S0 

0,1'W 

1.960 

0J99 

2,940 

0.598 

3.920 

0797 

4.900 

0.997 

11 

49 

0.979 

0,2(H 

1.953 

0.407 

2,937 

0,611 

3.916 

0S15 

4.S9S 

IJOIS 

li 

12    0 

0.97H 

0.2W 

1.956 

O.+lft 

2.93+ 

0624 

3.913 

0.&32 

4.891 

lJ>+0 

78  ( 

19 

0,977 

0.212 

1,95+ 

0.42+ 

2,932 

0.(JZ 

3.909 

OS49 

4.S86 

1.061 

ti 

SO 

0,976 

0,216 

1.9.S3 

OAii 

2.V29 

0M9 

3.905 

0.866 

4.881 

I.0S2 

a 

40 

097.! 

0.221 

1-951 

0.4+1 

2.926 

or*2 

3.901 

0.&S,J 

4.877 

t.103 

u 

13    0 

0.971 

0.225 

1,9+9 

0.450 

2.925 

0,675 

3.897 

O.'XXJ 

4.872 

1.125 

7T  • 

16 

0973 

0.229 

1.9+7 

o.4sa 

2,920 

0,686 

S.9f» 

0.917 

4JJe7 

1.146 

il 

90 

0,972 

0,233 

I.9+S 

0.467 

2,917 

0.7W 

3.SS9 

0.934 

4.802 

1.167 

» 

U 

0.971 

0-238 

l,'>+3 

0.47; 

2,914 

0,713 

3.SS5 

0,951 

4.SS7 

l.ltffi 

li 

1«    0 

0.970 

0.242 

l.'Ml 

0,4S+ 

2911 

0726 

3.SSI 

0.96S 

4.SS1     1  i^Ki 

T4* 

Ifl 

0.')ff) 

0.246 

i.y3s 

0.492 

2.908 

0.738 

3.377 

0.9S5 

43f« 

1.231 

It 

30 

0.963 

0.250 

1.936 

O.SOl 

2.90+ 

0.751 

3.873 

1.002 

4.941 

1.252 

» 

45 

0,'X.7 

0,255 

1.934 

0  509 

2,901 

0.7M 

3.868 

lOIS 

4&35 

I.27_l 

J 

15    0 

0.906 

0,259 

1 ,932 

OSIS 

2.898 

0  776 

iSM 

1.035 

4,830     1.29t 

?a  9 

0   r 

D^. 

Ul. 

■ — 

C«f.    [   IM. 

.^•^ 

LaL 

Hf-    1    La*. 

r    t 

Bftriog. 

I>Ut«nc<;  l.\l>i*lttlvct■'i.\\>\*^»■*n«;«^.\'0^rt».■B<e«^..\-V*M^«..T,.' 

s^«a*, 

^ 

^^                                 M^^-^Vi"   ^H 

^^^^^^^^^i^^TB^^s! 

1 

B«--ing. 

DI>taiK«  6< 

DbtaDcc  7. 

F^ » . J 

I>l«lancn  H. 

DlRl(ltlC4>  0. 

Ditlii  lire  1(1. 

IWm'ibX' 

■ 

o     t 

Ut 

l>.p. 

LM. 

])q. 

LM. 

Dtp. 

ut 

fcp. 

La. 

0X)44 

o      f 
AD  45 

0  16 

rtOOO 

0.02C, 

7.000 

call 

SjOOO 

oxas 

Tooo 

Oj039 

EO.00O 

30 

6.000 

o.o;2 

-JJOO 

O.WjI 

SjOOO 

aoTO 

9.000 

0i>79 

IOjOOO    OjOS7 

30 

46 

>.vn 

0  07y 

f..W.I  '0(»2 

7VJ9  '  aio5 

8-999 

0-118 

9-999    0-151 

16 

X    0 

^,9W 

0  10^ 

6.99J 

0  il?. 

7,99'>  1  0.140 

8.999 

o.i.";? 

9vn 

017^ 

RO    0 

Ift 

S'/W 

0  131 

C)  ■/« 

0.iS3 

7.99S 

0.175 

S'WS 

0.196 

9998 

0  218 

46 

30 

599S 

0  1.17 

6  9'» 

o.i&i 

7.997 

0J09 

S.W7 

0.236 

9.997 

OJ62 

30 

46 

5/W7 

OlSJ 

6.997 

0-214 

7.996 

Ol2M 

S.9'J6 

0-275 

9-99S 

ojas 

15 

3   0 

5.«(; 

0.209 

ti.996 

0.2t4 

7'/>$ 

0J79 

8.»S 

ail  4 

9.994 

0J49 

88   0 

15 

5.WS 

0.236 

6.W5 

0,275 

7.VW 

0J14 

8.W3 

0JS3 

9.992 

OJ93 

4C 

JO 

5.9IM 

0.262 

6.W3 

0.305 

7992 

0.349 

8.991 

0.393 

9.991 

0.436 

30 

Ab 

S9'« 

OJSS 

(;.«)2 

0J36 

7.991 

0.3114 

S.990 

0.432 

9.969 

04S0 

15 

3   0 

5,'»2 

O.JH 

6.'»0 

0J66 

7.96S 

0.419 

S.93S 

0.471 

9.9S6 

0,523 

87   0 

15 

.(,990 

OJ-W 

6.989 

0.397 

7.987 

0.454 

S-9S6 

0.510 

9.9S4 

0,567 

4I> 

30 

5.*W 

0-JM. 

6.9S7 

0.427 

7.9SS 

D,4SS 

&.9Ai 

0^549 

9981 

0.611 

30 

U 

.i.'iST 

0-392 

6.985 

0.45S 

7.983 

OJ23 

8.9S1 

0.5S9 

9.979 

OA54 

15 

4  0 

5.9S? 

0.419 

6.93.1 

0.488 

7.9SI 

0J58 

8.978 

0.628 

9.976 

0^198 

80   0 

16 

5,'«H 

0-445 

6.9i>l 

0.519 

7.97S 

0„^93 

a97S 

0.667 

9.973    0.741 

46 

30 

>'W2 

047! 

(.-97S 

0..;49 

7.975 

0.62S 

S.972 

OJOf- 

g9W    0.785 

30 

5   0 

>-9;9 

0.497 

6-976 
6-973 

0,SSO 
0.610 

7-97,* 

0.662 

8.969 

0.74=; 

9  966  ,  0.828 

le 

S-777 

0-523 

7,970 

0.697 

8.966 

0.7S* 

9962 

0.872 

aa  0 

IE 

597!; 

0  54<J 

6,971 

OfAl 

7,966 

0.732 

S.96Z 

0.824 

9958 

0915 

4fi 

30 

<:.972 

0.575 

(i.'XiS 

0.671 

7.963 

0.767 

8.959 

0.863 

9.954 

0.959 

» 

46 

5,970 

0.«)1 

6.965 

0.701 

7,960 

0.802 

8.955 

0.902 

9.950 

1.002 

le 

e  0 

S.967 

0,«7 

6,'"J(J 

0,732 

7,956 

0.B36 

8.951 

0.941 

9,945 

1  CM? 

84   0 

16 

5.9fc4 

0.-653 

6.y5S 

0-762 

7.952 

0.871 

8.947 

0.980 

9.941 

llXfy 

46 

30 

S.961 

0.679 

6.9SS 

0.792 

7.9W 

0.906 

8.942 

1-019 

9-956 

1.132 

30 

«5 

5.958 

0,705 

6.951 

0.82.1 

7.^5 

0.940 

8.958 

1.0,W 

9931 

1.175 

IS 

7    0 

5.955 

0.731 

6. 9+ Si 

0,S>1 

7,940 

0,975 

8.933 

1.097 

9-926 

1-219 

83   0 

IS 

5,952 

Q.1>1 

6,9H 

O.S53 

7,936 

1.010 

8.928 

1.136 

9.920  1  1  ,W.? 

*6 

30 

5.W9 

0.7S3 

6.'>10 

0.914 

7.932 

1.0« 

8.923 

1.175 

9.914     IJOS 

30 

U 

5.945 

0.S09 

6.93'^. 

09M 

7,927 

1,079 

8.918 

U14 

9909 

1349 

16 

B  0 

5  "Ma 

0,S35 

6.952 

0,974 

7.922 

l.l!3 

8.912 

1.253 

9-905 

1J92 

83   0 

IS 

59J8 

0.S61 

6,y2S 

)-0l>4 

7,917 

1.148 

8.907 

1.291 

9.897 

1.435 

40 

80 

5,934 

0-S37 

6-9Zi 

1035 

7-912 

1.182 

8-901 

1330 

9KO 

1.4J8 

30 

45 

5  930 

0.91,1 

ri.919 

i.066 

7  907 

1217 

SS9S 

1J69 

9,884 

1«I 

10 

B    0 

5,92c. 

0,V.l9 

Ci9H 

lO-JS 

7.902 

U51 

8  8S9 

1.408 

9,877 

1.564 

81    0 

IS 

5,922 

0,964 

6.909 

1,125 

7.896 

1.286 

8.88.5 

1.447 

9.a;o 

1.607 

45 

30 

5.918 

o.v* 

6.901 

1.155 

7590 

1J20 

8377 

1.48S 

9.863 

1.651 

30 

46 

5,913 

1,01(, 
"l,<H2 

LIS.:^ 

78S4 

1.355 

8,870 

1-524 

9856 

1,694 

15 

to  0 

5  909 

1^16 

7.878 

1J89 

SSfti 

1J63 

9*48 

1,737 

no  0 

16 

590* 

1068 

6.SSS 

1.246 

7.S72 

1.424 

8-3->fi 

I-6U1 

9.840 

1  779 

45 

30 

5.000 

1OT3 

6.S33 

1.276 

7.866  1  1.45S 

S-S49 

1,6+0 

9,833 

1822 

30 

4S 

5.895 

1.119 

6-877 

1-306 

7.860 

1.492 

8,842 

1-679 

9,825 

1,665 

15 

U   0 

5.890 

1.145 

6-S71 

1J36 

7^3 

i.526 

8.835 

1.717 

9816 

1908 

7»   0 

15 

5sa& 

1.171 

6-866 

1J66 

7iM6 

1-.W.1 

8  827 

1 ,756 

9,S0S 

1-951 

45 

30 

5JB90 

1.196 

AJi59 

U96 

7.839 

1..59S 

8819 

1,794 

9799 

1994 

30 

4» 

5574 

1.222 

t,SSi 

1.425 

7£J2 

1.629 

S811 

l,8.t5 

9.791 

2036 

19 

12    0 

5.869 

1-247 

6MT 

1.4S5 

7S25 

1.663 

S.aOii 

1.971 

9782 

2079 

78   0 

IS 

5M1 

1-273 

6.Stl 

1-4S5 

7.81S 

l-6fJ7 

8.795 

1.910 

9772 

2-122 

40 

30 

s&ss 

1.29') 

6AM 

1.515 

7.810 

1,732 

8787 

1,948 

9-763 

2164 

30 

IE 

S&S2 

1.324 

6.827 

J. 545 

7.803 

1.766 

8.778 

1.9S6 

9.753 

2.207 

16 

18   0 

S.$46 

U50 

6.821 

1.575 

7.795 

1.8D0 

8.769 

2,025 

9.7+4 

2-250 

77    0 

U 

5.S40 

1J7S 

6.814 

lACM 

7  787 

1,834 

S.760 

2  065 

97.54 

2-392 

46 

30 

5.S34 

1.<M>1 

6.807 

1634 

7.779 

I.S6S 

S-7SI 

2.101 

9,724 

2  53< 

30 

4d 

5,S28 

1,416 

6  7W 

I -6a 

7771 

1.902 

8.742 

2-159 

9,713 

2  377 

15 

U    0 

.S,822 

1.452 

6m    low 

7.762 

1.935 

S7JJ 

2-177 

9-703 

2419 

7fl   0 

16 

S.S15 

l,^77 

6  7S5  1  1,72-1 

7,7.14 

I.9« 

8,723 

2.21  S 

9A92 

2-462 

46 

W 

5.809 

1.502 

6-777     1,755 

7.745 

2,003 

S.715 

2.253 

9,682 

2-504 

X 

46 

5.^02 

I.52S 

6.7W 

1.782 

7.736 

2XU7 

8,703 

2i91 

9A71 

2.M6 

15 

18  0 

$.nt> 

I,5>3 
Ut. 

6761 

1.812 

7727 

2  071 

8<693 

2.J29 

9AS9 

2.5S8 

7«  0 

O     f 

m,. 

Lit. 

IV«p. 

Lu. 

D,?, 

LA. 

TWv 

V-V   ' 

k 

3mHag. 

1 

rfi»t»iKf  a.  1 

DfatNUi-<«  7. 

l>lBtanP«».\  !««»(*«■*■  ».\wi*»'W<^*^ 

(.I^Awufo^^k 

^                               76"     90" 

^ 

' 

^        TABLE  ViL-TKAVmSE  T.ffl^^^^ 

B«wisg. 

Olvtancv  1. 

Dlatnavv  2. 

DUtwaco  3. 

Dlatancfl  4. 

Olftance  G> 

BMrag. 

o     f 

Ut. 

Dtp. 

lAt. 

'liwo 

D.p, 

LAt. 

Dap. 

Ut.   '   Dip- 

LM.   1  D«r. 

1^     * 

OIQ 

1000 

ooot 

0.00} 

J. 000 

0,013 

4.O0O 

0.017 

5,000 

0022 

80  46 

80 

1.000 

0.009 

2j001> 

0.017 

3100 

U,026 

4jOOO 

OJJ35 

5,000 

OuOH 

30       , 

U 

1.000 

U.01.J 

2,000 

0.026 

SWO 

0.059 

4iXX) 

0.052 

5.000 

006S 

15 

1   0 

I.OOU 

0017 

2.000 

0,0.15 

3000 

0,ai2 

3.999 

0,070 

4  999 

0-Cfi7 

HU     0 

19 

1,000 

0,022 

2.000 

OOH 

2999 

0-065 

3,999 

O087 

4-999 

0-103 

45 

90 

1000 

ooy. 

1.9'» 

OO.U 

2-999 

0,079 

3999 

0,105 

4,998 

0,131 

30 

46 

LOW) 

O.OJl 

1.99',' 

0.06) 

2-999 

0.092 

3.993 

0.122 

4.998 

0,153 

16 

2   0 

U.9W 

O.OJS 

1,9» 

OJWO 

299S 

O.IOS 

3.998 

O.HO 

4,997 

0.174 

88   0 

IS 

o.'/n 

0,0.19 

1.99S 

0,07<» 

299S 

o.ns 

3,9W 

0.157 

4,^96 

O.l'JG 

45 

W 

0,9W 

0.(W4 

I'WS 

0.087 

2  997 

0,131 

3,'»6 

0.174 

4.99,> 

0-213 

30 

43 

o.vw 

OXMS 

!.■/.« 

0.0'.<6 

2W7 

0-144 

3.9'« 

0.192 

4.994 

0.240 

IB 

8   0 

0.999 

0ALS2 

1.997 

O.IOS 

2-996 

0.157 

3,991 

0.209 

4.993 

0.262 

87    0 

16 

0.993 

OJ357 

1.W7 

0,113 

2  991 

0170 

3,994 

0227 

4,992 

0-2S3 

46 

» 

0.998 

0.061 

1.976 

0.122 

2'»+ 

0.163 

3,993 

0,244 

4.991 

0,305 

SO 

46 

0.99S 

0.065 

1.996 

0,1*1 

2<KH 

0.196 

3.991 

0.262 

4,989 

0J27 

16 

1   0 

O.WS 

0.070 

1.995 

0,140 

2  fa 

0.209 

3.990 

OJ79 

4.93S 

0,30 

80   0 

16 

0.W7 

O.OVl 

I.99S 

OUS 

I'fji 

0.222 

3.989 

0^% 

4.9&6 

0.371 

45 

30 

0.997 

0,07S 

1.9W 

0.157 

2991 

0-23S 

3.96S 

0314 

4.9SS 

0,392 

30 

4S 

o.'m 

O.O&i 

1993 

0.166 

2y9C> 

0,34S 

3.9S6 

0J31 

4.983 
4.981 

0414 
0.436 

IS 

S  0 

0.9*5 

0,087 

0.174 

2,9S9 

0,261 

3.9S5 

OJ49 

«s  c 

IG 

0.9% 

ocw 

1.992 

0183 

2,987 

0,27  ' 

.3.963 

0J66 

4.979 

0.458 

46 

30 

0.995 

0.0% 

1,'Wl 

'^.192 

2.986 

0.2SU 

3.9S2 

OJ83 

4.977 

0,479 

30 

46 

0.995 

0,100 

V/M> 

0,200 

2.985 

0,301 

3,9S0 

0.401 

4.975 

0  501 

IS 

6   0 

0.99S 

0.105 

1.989 

0-209 

2,yS4 

0,3  H 

.*..97S 

0.418 

4.97.3 

OJ23 

84   0 

ID 

0,994 

0,109 

1.98S 

OJIS 

2.9S2 

0,327 

3.976 

0.43.1 

4.970 

0544 

ts 

SO 

0.9W 

O.JU 

1.987 

0.22f> 

2-9S1 

0.340 

3.974 

0.453 

4,96S 

0  566 

30 

46 

0.99J 

0,118 

l,9Sft 

0.2JS 

2,779 

0,353 

3.972 

0.+70 

4,965 

0588 

16 

7    0 

0,993 

0.122 

1,935 

0.2+4 

2.978 

0,366 

3.970 

0.4S7 

4.963 

0609 

83   0 

19 

0,992 

0,126 

1.93+ 

0.252 

2.976 

0.379 

3.96ft 

0505 

4.960 

0,fi31 

45 

SO 

0.991 

0,131 

1.93J 

0.261 

2.974 

0J92 

3.966 

0522 

4,957 

0/.53 

30 

46 

0,991 

U,1J5 

l.'>92 

0270 

2  973 

0,-105 

3.';63 

0539 

4,954 

0.674 

16 

8    0 

0,990 

0.U9 

i-ysi 

C-27S 

2,971 

0,4  IS 

3.961 

0.557 

4,951 

0,696 

83   0 

18 

owo 

0.14.1 

i.9"'> 

0  2.s: 

2  969 

0,430 

3,9.';9 

0.574 

4,9IS 

0,717 

iS 

30 

0.9S9 

0,1 4S 

1978 

0.296 

2,967 

0,'l-t3 

3.9S6 

0J91 

4915 

0.739 

30 

46 

U,y88 

0.152 

1.977 

0-304 

2905 

0,456 

3.953 

0.608 

4.9*2 

0.761 

19 

9    0 

0,983 

0,156 

1.975 

0J13 

2.963 

0.469 

3.951 

0676 

4.933 

o7az 

SI    0 

IS 

0,987 

0,161 

1.7-4 

0J21 

2,961 

0.482 

3.948 

0,643 

4.935 

0.S04 

i£ 

30 

0,986 

0,165 

1.973 

0.330 

2.959 

0.495 

3.945 

Oj660 

4.931 

0,S25 

30 

46 
lO    0 

0.9B6 
0.985 

0,169 

1.971 

0J3'> 
OJ47 

2,957 

0,508 
0,521 

3,W2 

OA77 

4,928 

O.S47 

U 

0,174 

1.97U 

2,954 

3.939 

0695 

4.924 

OSes 

80  0 

19 

0,9S4 

U.I7S 

1.968 

0,356 

2.952 

0J34 

3.936 

0.712 

+  920 

0S9O 

4S 

30 

0.98.1 

ais2 

1,%7 

0364 

2.950 

0,547 

3.933 

0-729 

4-916 

0911 

30 

46 

0982 

0,187 

1965 

0-t;s 

2,947 

0560 

3.930 

0.746 

4,912 

0933 

IS 

It    0 

0,9S2 

0.191 

\.'X>i 

0J32 

2.945 

0,572 

3.927 

0.763 

+.903 

0-95+ 

re  0 

IS 

0,981 

0,195 

1.962 

0-390 

2.*42 

0,5S5 

3.923 

0.7S0 

4.9W 

0-975 

<6 

30 

0.9SO 

0  199 

1-960 

0.399 

2-940 

0-598 

3.920 

0.797 

+.900 

0997 

so 

(S 

0.')7') 

0.2O4 

1,958 

0,407 

2,937 

0,611 

3.916 

0.S1S 

4395 

1«1S 

IS 

12    0 

0,9  ;s 

0.208 

1.956 

0+16 

2934 

0624 

3.913 

O.S32 

4.891 

1jO+0 

78   0 

IS 

0,9/7 

0.212 

1.95+ 

0+2+ 

2,932 

0,637 

3.90'.t 

OA+9 

+566 

1.061 

46 

30 

0.9  "fi 

0.210 

1,955 

O.Ui 

2,929 

0,649 

3.905 

0.866 

4S81 

lOR?, 

30 

4S 

n.97^ 

(1.221 

1.95 1 

0.441 

2.926 

0.662 

3.901 

OfKI 

4B77 

1  10.3 

15 

1.1    0 

^J,'J7^ 

0,225 

1,W9 

0.450 

2.923 

0.675 

3.897 

0.900 

4.312 

1.125 

77   0 

IS 

0.9  *J 

0.229 

1.947 

0.458 

2.920 

o/^sa 

3.9W 

0.9U 

4.867 

1.146 

4S 

30 

0.972 

Oiii 

1.945 

0.467 

2917 

0.700 

3-889 

0.934 

4.662 

1.167 

30 

4S 

0,971 

0.2,5S 

1.9t.l 

0.475 

2.914 

0-713 

3.SS5 

0.9S1 

*,S57 

llES 

IS 

14    0 

0.970 

0.242 

1,941 

04St 

2-911 

0.T26 

3.SSi 

0,968 

4,851 

1.210 

7(1    0 

LS 

O.'X/^ 

0.246 

193S 

0,492 

2908 

0,738 

3.ST7 

0.9SS 

4346 

1.231 

tf 

30 

O.'Mf'i 

0.2.=W 

1.936 

0  501 

29«M 

0,751 

3.S73 

1.002 

4,8ft 

1.Z52 

30 

4S 

C.-X.7 

0,2  >5 

1,931 

oso-> 

2901 

0,764 

3.868 

1.0IS 

4,835  ,  1.273 

i: 

!.->    0 

0.%6 

0,2  .>9 

1.932 

0.SI3 

2,89S 

0,7T6 

3.864 

l.a35 

4.S30 
Ittpi 

1  1.2*4 

75  0 

o    f 

T^ 

Ul. 

Sep. 

Ltt. 

Dtp. 

Ut. 

D«9. 

lab 

1   Uu 

e     * 

Buriuk", 

I>li>hirii'c  t. 

DlnUiKoi:. 

iMHlMUCt!  .1. 

I>i»t'ITIi'<'  4. 

rH*(i»noi'  ,";. 

Baaimg. 

I 

^^^^^^^  76°-  90° 

J 

m 

■^ 

1 

BMliBg. 

[Matnnrrt  t). 

Dlntmorc  7> 

Dlatnn<^e  8. 

Dlntenre  9. 

DIStftMCVtO. 

Be^teg. 

1 

p     r 

Ul. 

Dtp. 

L>t. 

Xtty. 

L>t. 

D^. 

Ut. 

Skp. 

hu.       Dtp. 

L      t 

■ 

0  15 

6j000 

0.026 

7.0U0 

Oj031 

S.O0O    0.035 

9000 

0.039 

10.000    0-OH 

W4e 

■ 

30 

WWO   0052 

7SX30 

0061 

x.aoo  0.070 

900O 

0.079 

10,000 

o.as7 

30  ^m 

4!: 

S.W-) 

007<.> 

6WJ 

0092 

7.999 

0.105 

8999 

0.118 

9,999 

0.131 

IB^^ 

1    0 

s.yw 

0.105 

6'>-W 

0  122 

7.9W 

0,140 

8.999 

0.157 

9.999 

ai7s 

m»  0 

1 

15 

S,9W 

0.111 

69ys 

0.153 

7.99S 

0.175 

!i.998 

0.196 

9.993 

0.21S 

45 

30 

5.9** 

0,157 

fi'/Jtt 

O-IW 

7.9n 

0.2W 

3.997 

0.216 

9,997 

0.262 

30 

4E 

5  997 

OlS^ 

6.'»7 

0,2!  4 

l.W, '  0.244  1 

8.996 

0.2T5 

9.995 

0.305 

IS 

S    0 

5.996 

0,2(» 

6.'W> 

0,244 

7.WS 

0.279 

ag-js 

0,314 

y.9'>4 

0349 

88    0 

^ 

IS 

i.995 

0.236 

6>995 

0.275 

7.9'M 

0J14 

8.993 

0J53 

9.992 

0-J93 

45 

■ 

30 

5.99* 

0.262 

69'« 

0.305 

7.992 

OJ49 

8.991 

0.393 

9,9'>1 

0.43<. 

30 

■ 

45 

i.9/3 

0.2SS 

6992 

0336 

7.991 

0-JS4 

8,990 

0432 

9,959 

0,480 

15 

3    0 

S.992 

0.il1 

6990 

0.366 

-.989 

0.419 

S,9SS 

0,471 

9.986 

0523 

87    0 

15 

5.930 

0,340 

6.989 

0J97 

7.967 

a454 

S.9S6 

0.510 

9.984 

0567 

45 

30 

5.999 

o^f^i 

6987 

0.427 

7.985 

0.4SS 

8.98J 

0549 

9981 

0.611 

30 

45 

S.«7 

0,39> 

6985 

0.458 

7.963 

Ol523 

S,9Sl 

o^m 

9-979 

0.654 

15 

4    0 

5.965 

0.419 

6.9S3 

0.4S8 

7.961 

0^58 

8,978 

062S 

9.976 

0.69S 

86   0 

15 

S.9H 

0.4tS 

6,9S1 

0.519 

7.973 

0.593 

8.975 

0.667 

9.973 

0741 

45 

30 

S.9S2 

0.471 

6978 

0549 

7.975 

0.628 

8,972 

0,706 

9.969 

0785 

80 

1 

45 

5  979 

0.497 

6976 
6^3" 

OJ80 
b  610 

7.973 

0.662 

8.969 

0745 

9966 
9-962 

0,828 

16 

■ 

5   0 

5.9n 

0,523 

77970 

0.097 

a966 

aTst 

0872 

85   0 

15 

S97S 

0-5*9 

6971 

0641 

7.966 

0.732 

8.962 

0824 

9958 

0.915 

4S 

30 

5.972 

0.575 

6963 

0.671 

7.963 

0.767 

a9S9 

O.S63 

9.954 

0.959 

30 

45 

5970 

0.601 

6965 

0.701 

7.960 

0.802 

3.935 

0.902 

9.950 

1.002 

IS 

6   0 

5.967 

0627 

6'M2 

0732 

7.956 

0.836 

8.951 

0941 

9.94 .( 

1,045 

S4    0 

15 

S.yiH 

0/.53 

f.95S 

0762 

7.952 

0.871 

a947 

0.9S0 

9941 

1.089 

46 

30 

5.961 

0.679 

6,955 

0.792 

7-9('; 

0.906 

S,942 

i-019 

9-936 

1.132 

30 

45 

>.95S 

0  705 

6951 

0.S2.1 

7.»t5 

0.910 

89-18 

I0.« 

9931 

LI  75 

IS 

7    0 

5  95S 

0.731 

6948 

0.853 

7.9*0 

0.975 

8933 

1097 

9.926 

1.219 

83   0 

15 

S.952 

0.757 

6.914 

0.SS3 

7.936 

I.OIO 

S.928 

I  lit. 

9.920 

1.262 

4S 

30 

S.W9 

o.7aj 

6940 

0.914 

7.932 

1.044 

S.9U 

1.175 

9.914     1.305 

30 

45 

5.9*3 

0.909 

69.V)    0,9+t 

7.927 

1.079 

R91.S'  1.214 

9.909 

1.349 

15 

S   0 

S.9f2 

0,S35 

69,12 

0,974 

7.922 

1.113 

S,912     1,253 

9.W.J 

1,392 

ta  0 

15 

S.9M 

0.S61 

692S 

1.004 

7.917 

I.14S 

8.907 

1,2'J! 

9.S97 

1-435 

(S 

30 

5.934 

0^7 

6,923 

IXU5 

7.912 

1.IS2 

S901 

1.330 

9,890 

1-47S 

30 

45 

5.990 

0.913 

6,919 

Ij065 

7.907 

1.217 

S89S 

1J69 

9,884 

1.521 

15 

9    0 

5.926 

0.939 

6.914 

ims 

7.902 

1-251 

8.8Sy 

1. 408 

9877 

1.564 

81    0 

IB 

5.9Z2 

0.964 

6,W9 

1.125 

7.896 

1.2S6 

8883 

1,447 

9.870 

1.607 

45 

30 

5.918 

0.990 

6,904 

1.155 

7.890 

u>a 

8877 

14«5 

9.863 

l-bSl 

30 

46 
lO    0 

5.9U 

1,016 

6S99 

1.185 

7.8S4 

I.35S 

S870 

1,524 

9.856 

1.694 

IS 

5.909 

1.W2 

6.S94  :  I.2I6 

7.878 

I.3S9 

8£63 

1J63 

9Ai& 

1.737 

80    0 

15 

3.901 

1X)6B 

6SSS  1  1.246 

7.S72 

1.424 

8.R.56 

1.601 

9.840 

1.779 

45 

^k,    30 

5.900 

Ij093 

5SS,1 

1  276 

7.866 

1,45S 

8*49 

1640 

9.833 

1.822 

30 

^B  « 

5B9S 

1  119 

6877 

1306 

7.SfiO 

1.492 

S*42 

U,79 

9  825 

1-865 

15 

^Kt  0 

5.890 

1.145 

6871 

1.336 

7.851 

1.SZ6 

88.15 

1717 

9.816 

i.'we 

78    0 

15 

5.885 

1-171 

6AV, 

lJ6(i 

7.8(6 

1-561 

ft,827 

1.756 

9808 

1.951 

45 

30 

iS9o 

1.196 

6^9 

lJ9fi 

7.839 

1.595 

8819 

1,794 

9.799 

1.994 

30 

1 

45 

;«74 

1.222 

6353 

i.42S 

7.832 

1.629 

S,811 

1.833 

9.791 

2.036 

15 

1 

12   0 

5S» 

1.247 

6*t7 

1.455 

7.825 

)//>! 

8,803 

l.Wi 

9.782 

2.079 

78   0 

15 

5«M 

1.27.1 

f..!»41 

1.4SS 

7.818 

1j697 

8.795 

T9I0 

9.772 

2.122 

(5 

30 

5-S58 

1.299 

6.S34 

I.51S 

7.810 

1.7J2 

8-787 

1,948 

9.763 

2.164 

30 

46 

5.852 

1J24 

6S27 

1  545 

7.803 

1.766 

8.778 

1.986 

9.753 

2.207 

15 

13    0 

5.846 

IJSO 

G.82I 

1. 5  75 

7.795 

1,800 

8769 

2.025 

9.744 

2.250 

77    0 

16 

5.S40 

i..ns 

6Sli 

1.60-1 

7.787 

13.34 

8760 

2.061 

9.734 

2.292 

45 

30 

5Ji34 

1. 401 

6,807 

IM4 

7.779 

1,S68 

8,751 

2,101 

9.724 

2.335 

30 

45 

5.628 

1.426 

6.r» 

1.661 

7.771 

1.902 

8.742 

2.139 

9.713 

2.377 

15 

14   0 

5.822 

l,4.'2 

6W  .  1.693 

7,762 

1.93.^ 

8.733 

2.177 

9.7W 

2.419 

70    0 

16 

5.815 

1,477 

67S5  '  I  TH 

7.754 

l,96fJ 

8,723 

2.215 

9.692 

2.462 

45 

30 

5.809 

1.S02 

6,777 

I  ;S3 

7.745 

2003 

S.7I3 

2253 

9.682 

2.504 

30 

45 

S.SOZ 

1  52S 

6769 

1.782 

7,736 

2.U37 

S.703 

2.291 

9.671 

2.54^. 

16 

US    0 

5.796 

l.S.'iJ 

6.761 

1.812 

7.727 

2U7! 

»j«3 

2J29 

9.659 

2.53S 

73   0 

J 

«    f 

J*^ 

Ltt. 

D^p. 

LM. 

Dtp. 

Dtp. 

Ut. 

Dep. 

IM. 

o      1 

■«*«. 

DUtuiro  ». 

I>l>t»n<'r  7- 

I>lRlMII>f  »■ 

Dlnt«n<T  t>. 

niAt«Ho«  in. 

B«arfng, 

■ 

k 

^^^^^         76°-  90° 

J 

1 

■ 

1^^^^^      15°- 30^                    ^ 

n 

BMrfag. 

I>tot*ac«  1. 

nufauM*  2. 

l>Ut*a«e3. 

nutukM  4. 

Dl(tati««  5. 

BiutM- 

O       1 

LU. 

D.p. 

Ut. 

D«p. 

Lot. 

D^ 

Ul. 

D-p. 

lu. 
4.824 

Dtp. 

1615 

0.965 

0.263 

1.930 

0.526 

2894 

0.789 

3.SS9 

1.052 

1J15 

7*44 

ao 

0-96» 

0.2fi7 

1.927 

OJ34 

2**1 

0*02 

3-S5S 

1.069 

4818 

1_J36 

M 

4S 

0.962 

0-271 

1.925 

0.5+3 

2JJ87 

0S14 

3-850 

I.0S6 

4.812 

1.357 

IS 

10   0 

0.961 

0.276 

1.9i3 

0.5S1 

^.884 

0,827 

3.815 

1.101 

4306 

UTS 

74  0 

16 

0.960 

0.280 

1.920 

0,560 

2SS0 

0£39 

3.&40 

1.119 

4X0 

1J99 

45 

30 

0,959 

0.2»< 

1.91S 

0.563 

2.876 

0£52 

.UUS 

1.136 

4.794 

1.420 

» 

45 

0,958 

028S 

1.91.% 

0,576 

2S73 

0865 

3.830 

1.153 

4-7SB 

1-441 

IS 

17    0 

0956 

0.292 

1.913 

O.SSS 

2-869 

0,877 

3.825 

1.169 

4.782 

1,4*2 

73  e      1 

IS 

0-955 

0-297 

1.910 

0.593 

2865 

0*90 

3.820 

1.186 

4,775 

1,4&.{ 

45      ' 

30 

0954 

0-301 

1.'J07 

0.601 

2  861 

0902 

3,815 

1-203 

+,769 

1.50* 

» 

4G 

0.952 

0J05 

l-'»5 

0.610 

2-857 

0-915 

3.S10 

1.220 

+  762 

1.524 

l^ 

18   0 

0,951 

0.309 

l.'Xfi 

0.61  S 

2A53 

0,927 

3.804 

1.2J6 

4,755 

1-545 

-a  0 

15 

0,950 

0J13 

1.899 

0,6><-. 

2849 

0,939 

3.799 

1.253 

4.748 

1.566 

u 

30 

0.94S 

0J17 

1.397 

0.655 

ZH/il 

0.952 

3.793 

1.269 

4.742 

1.587 

»    1 

4a 

0,947 

0J21 

1.8»4 

OJ>43 

2Ji41 

0961 

3-788 

1.296 

4.735 

\jar, 

"     1 

ID    0 

0.946 

0.326 

1,891 

0,651 

lS3r, 

0977 

3.782 

1.302 

4,728 

1.62S 

71    0      1 

10 

0.9M 

0.330 

1.88S 

0AS9 

2832 

0989 

3.776 

1.319 

4.720 

1.64S 

4S 

30 

0.W3 

0-334 

1.S85 

0A6S 

2.828 

1.00! 

3.771 

1J3S 

4.713 

1.669 

30 

4B 

O.-Ml 

0-338 

I-SS2 

0.676 
0.634 

2-824 

1,014 

3.765 

1„3.S2 

4.706 

1.690 

lA 

20   0 

0.940 

0J42 

1.879 

2.819 

li)26 

3.7J9 

1J6S 

4,K)S 

1,710 

-0  0 

IS 

0.9J8 

0-J46 

1.S76 

0.692 

2.815 

1.038 

3.753 

13*4 

46'Jl 

1.731 

U 

SO 

0,937 

0,350 

1.875 

O.70O 

2-810 

1.051 

3.747 

1.401 

46W 

1.751 

» 

4a 

0.9l1.? 

0JS4 

1.870 

0-709 

2-80-5 

1.063 

3.741 

1.417 

4676 

1.771 

li 

21   0 

0.934 

0,358 

1.867 

0717 

2-801 

1075 

3.73+ 

1.433 

4j668 

1.792 

68   0 

IS 

0.932 

0,362 

1.S64 

0,725 

2.796 

1087 

3.728 

1.450 

4«60 

1.S12 

4i 

90 

0.9J0 

0.367 

1.861 

0-735 

2-791 

1.100 

3.722 

1.466 

4iU2 

1.833 

» 

4S 

0.929 

0J7] 

1.858 

0-741 

2-786 

1.112 

3.715 

1-482 

4A44 

1.853 

11 

23   0 

0.927 

OJ75 

1.SS4 

0.749 

2.782 

1.124 

3.709 

1.498 

4A36 

1.873 

W  9 

U 

0.926 

0,3  7y 

1.S51 

0,757 

2.777 

1.136 

3.702 

1.515 

4.628 

1.893 

45 

80 

0,924 

0.3S3 

1.&48 

0-765 

2.772 

1.148 

3.6% 

1.531 

4A19 

1.913 

M 

45 

0.922 

0.3  H  7 

1.SH 

0.773 

2-767 

1.160 

3.699 

1.547 

4.611 

1.93+ 

W 

23   0 

0921 

0,391 

1,841 

0,781 

2.762 

1,172 

3,632 

1  563 

4.603 

1.9.%4 

67   0 

Ifr 

0.919 

0.395 

1,83S 

0.789 

2.756 

1.184 

3 .675 

1.S79 

4.594 

1.974 

4A 

30 

0.917 

OJy* 

1.S3+ 

0-797 

2.751 

1.196 

3£68 

1.S95 

4.JSS 

1.994 

30 

ts 

0.91  S 

0.403 

1,831 

0^)5 

2.746 

1.208 

3.661 

1-611 

4.SJ7 

2.014 

U 

»  0 

0.914 

0.407 

1.827 

0.813 

2.741 

1,220 

3.654 

1,627 

4,568 

2.034 

64   0 

1& 

0.912 

0.411 

1.824 

0.821 

2.735 

1.232 

3.647 

1.643 

4J39 

2.054 

ti 

30 

0.910 

0.415 

1,B20 

0.829 

2-730 

1.244 

3,640 

1j659 

4,550 

2X>73 

30 

45 

0,908 

0,4  !9 

1,816 

O.S37 

2.724 

1-2S6 

3.633 

1/,7S 

4.541 

2.093 

U      1 

25  0 

0.906 

0,423 

1-813 

0.845 

2719 

1-268 

3,625 

\em 

4532 

2.113 

«S  0 

IS 

0,9M 

0,427 

1S09 

0,853 

2,713 

1.2S0 

3.618 

1.706 

4.522 

2.133 

u 

30 

0.903 

0.131 

1805 

0,861 

2,708 

1.292 

3.610 

1,722 

4-513 

2.153 

v> 

4S 

0,901 

0.434 

1.S01 

0.869 

2,702 

1J03 

3,603 

1.738 

4303 

2.172 

li 

20  0 

0.8?) 

0.438 

1.79S 

0.877 

2  696 

J-31S 

3.595 

1753 

4.494 

2.192 

64   0 

IS 

0,S97 

0.442 

1.7W 

0,885 

2,691 

U27 

3587 

1,760 

4-484 

2.211 

t» 

90 

0.89S 

0.446 

1.790 

0.892 

2.685 

1.339 

3.580 

1.78S 

4475 

2i31 

» 

46 

0.893 

0.450 

1-786 

0-'»0 

2-679 

!J50 

3-572 

1.800 

4+65 

2-250 

IS      ' 

27   0 

0.S91 

0.454 

1.782 

0.90H 

2-673 

1_J62 

3.564 

1.816 

4.455 

2-270 

03  0 

IS 

0.SS9 

0.453 

1,778 

0916 

2.667 

U74 

3-556 

1«3I 

4.445 

2.289 

45 

30 

O.S37 

0.462 

1,774 

0523 

2.661 

1.3S! 

3,545 

IS47 

4.435 

2309 

» 

4S 

O^S 

0.466 

1.770 

0.931 

2,655 

1.397 

3-540 

1362 

4.425 

2328 

13 

28  0 

0.883 

0.469 

1.766 

0.939 

2,649 

1.408 

3  5.32 

1878 

4-4  IS 

2.347 

ea  D 

15 

o.sst 

0.47J 

1.762 

0.947 

2.643 

1,420 

3  524 

1,893 

4.404 

2,367 

45 

30 

0.S79 

0.477 

1,7SS 

0954 

2.636 

1.431 

5. 5  IS 

1-909 

4394 

2JS6 

39 

46 

0-S77 

0.4S1 

1-753 

0,962 

2.630 

1.443 

3-507 

1-924 

43»t 

2.405 

ti 

29  0 

0-S7> 

0.485 

1.749 

0.970 

2.624 

1.45+ 

3.496 

1-939 

4373 

2  424 

Ql     0 

15 

0,S72 

0.4R9 

1745 

0,977 

2,617 

1.466 

3.490 

1,954 

4JA2 

2  44.^ 

U 

30 

0,S70 

0.492 

1,741 

0,985 

2,611 

1,477 

5,481 

1,970 

4.35Z 

2.462 

30 

45 

0A'>3 

0.496 

1,736 

0,992 

2.605 

1.439 

3,473 

1,985 

4J41 

2.481 

IE 

SO  0 

0.866 

OiOO 

1,732 

11.000 

2.598 

1.500 

3,464 

2.000 

4J30 

2J0O 

60   0     J 

1 

o    t 

D.p. 

Ut. 

Dtp. 

Ut. 

Dnp. 

Ut. 

Dtp. 

Ut. 

D*p. 

IM. 

a     '      1 

[ 

BMriu^ 

Ulftt«aco  1. 

Dtfttaace  2. 

Dlstanoe  3. 

Dlatanec  4. 

Dtlitiilirr>  n. 

Bunv- 

■ 

L                              60°- 76° 

J 

^^^^^^m^^^^^^^ 

m 

BMrlag. 

DbU(K)«6. 

DlBfa>i>ci>7J 

OliitMiGrt  8. 

DUt«nc»  0. 

nutoBcvio. 

BtUiBgt 

■ 

c     r 

Ut. 

Dtp, 

Lit. 

D»p. 

Lil. 

D«p. 

Ut. 

D«p. 

Lu. 

2.630 

o       1 

^ 

1516 

S.^ 

U57S 

6-754 

1.&4I 

7.71S 

2-10* 

S./«3 

2-3r.7 

9.6+8 

7146 

1 

30 

S.782 

1.603 

6.745 

1.S7I 

7.J09 

2-13H 

S-673 

2-405 

9.6.16 

2.672 

30  ^m 

*i 

S.7"5 

1629 

&737 

1.900 

7.700 

2.172 

8,662 

2.443 

9.625 

2.71+ 

10    ■ 

IS   0 

S.768 

1/.S4 

6.7W 

1.9;9 

7,fi90 

2205 

S-6S1 

2.481 

9.613 

2.756 

74    0 

1 

15 

SJ60 

XA^J 

6  720 

1.959 

7  6S0 

7.7^') 

S/j+0 

2.518 

9.601 

2.798 

iS 

30 

S,;53 

1.7t>t 

6.712 

1.98S 

7.671 

2272 

8.629 

2.5.56 

9.588 

2.ftW 

SO 

4G 

5,745 

i.72y 

6  703 

2.017 

7.661 

2306 

S618 

2-59+ 

9.576 

2-SS2 

16 

17    0 

5.73S 

1.754 

6691 

2.047 

7,650 

2359 

8,607 

2-631 

9.563 

2.924 

73    0 

IS 

.v730 

1.779 

6.6S5 

2.076 

7.640 

2372 

8.,;95 

2.609 

9.550 

2,965 

«e 

30 

-.722 

1804 

6-676 

2.105 

7.630 

2.406 

5.,>S3 

2-706 

9.517 

3.007 

so 

49 

5,714 

1829 

6.667 

2.134 

7.619 

2,439 

8,572 

2.74+ 

9-524 

iOi'J 

10 

1 

IS   0 

S,706 

1,S54 

6.657 

2.163 

7.603 

2,472 

8,560 

2.781 

9511 

3090 

72    0 

15 

Si9S 

1S79 

6,648 

2.192 

7.S9S 

2.S0.? 

8.5+7 

2.818 

9,497 

3.132 

4S 

» 

5.600 

1.9&t 

6.63  S 

2.221 

7J;37 

2,538 

S.S3S 

2.856 

9.46J 

3.173 

30 

(6 

5,6S2 

1,929 

6.639 

2.250 

7.57S 

2.572 

S,J22 

2.893 

9.469 

3214 

16 

10   « 

SA73 

1.953 

6.619 

2279 

7.564 

2A05 

8,510 

2.930 

9.455 

3256 

71    0 

16 

S.665 

1.97S 

6.60'^ 

2J08 

7J53 

2.53H 

8.497 

2.967 

9,441 

3297 

46 

SO 

5.656 

2xm 

6.5  5S 

2-337 

7.-54 1 

2-670 

8.4*4 

3.0O4 

9,426 

3338 

30 

49 

5.6+7 

Z02S 

6.5S3 

2J6S 

7-529 

2-701 

S.+71 

3.CMI 

9412 

3379 

16 

20   0 

5.63S 

ZJ0S2 

6J;7S 

2J91 

7.51R 

2.7.36 

8.457 

3.073 

9397 

3.420 

70  0 

IS 

5X29 

2.077 

6J67 

2.423 

:.sof. 

2.769 

8.444 

3.115 

9.332 

3,461 

46 

SO 

S6?n 

2-101 

6J57 

2.451 

7.49.1 

2,803 

S.+30 

3.152 

9367 

3,502 

30 

u 

5*11 

2.126 

6.S46 

2.480 

74S1 

2.834 

8.+ 16 

3.1-89 

9351 

3.543 

16 

21    0 

5.601 

2.1  JO 

6.S35 

2.50'^ 

lAtf) 

2,867 

8+02 

3.22i 

9336 

3.584 

€»    0 

15 

SJ92 

2.175 

6.524 

2.S37 

7.456     2.900 

SiSS 

S2bl 

9320 

3,624 

46 

30 

5Ja2 

2.199 

6.513 

2.566 

7.44J  ,  2,932 

8J7+ 

3-299 

9.304 

3*65 

30 

iS 

5.5  7J 

2.22.1 

6.S02 

2S'M 

7-430 

2.96+ 

8J59 

3335 

9-288 

3,706 

ID 

2S   0 

5.563 

2.248 

6.490 

Z.f,2Z 

7.417 

2.997 

8.3+S 

3J71 

9.272 

3.746 

e«  0 

U 

5.5SJ 

2-272 

6.479 

2.651 

7.404 

.1.029 

8.330 

3.40S 

9.255 

3.7S7 

46 

30 

S.iM 

2.296 

6.467 

2.G79 

7.391 

3,061 

8J15 

3.+44 

9239 

5S27 

30 

i& 

5.533 

2,320 

6.4SS 

2.707 

7  37S 

3,09-! 

8  300 

3.480 

9.222 

3.867 

16 

23   0 

5.S23 

2J44 

6.4+4 

2-73S 

7J61 

3,126 

8.285 

3-517 

9.205 

3,907 

«T    0 

U 

5.513 

2J6S 

6-4J2 

2.763 

7J5U 

3.158 

8J69 

3.555 

9.188 

3.947 

46 

30 

S.502 

2J92 

6-419 

2-791 

7J36 

.1190 

825+ 

3i89 

9.171 

3.988 

30 

49 

5.-W2 

2.416 

6.407 

2S19 

7.322 

3.222 

8.23S 

3.625 

9.153 

4.02S 

le 

34  0 

5.481 

ZMO 

6J9,5 

2,847 

7,30R 

3  Z.H 

8,322 

3,661 

9,136 

4,067 

A6    0 

19 

5,471 

2.464 

6,3S2 

2,875 

7.294 

3.2S6 

8.206 

3,696 

9.118 '4.107 

ii 

80 

5.4« 

2.4S--3 

6j:o 

2.903 

7.230 

3J18 

S.190 

3.732 

9.100 

4.1+7 

30 

4S 

S,449 

2,M2 

6,357 

2,931 
2  953' 

7,250 

3  349 

8,173 
8,157 

3,768 

^,8l>t 

90S1 

4,187 

16 

26   0 

5, 4  is 

2  536 

6.144 

3  38! 

9061 

4.226 

«5   O'' 

16 

5,427 

2  559 

6J31 

2,936 

7  236 

3413 

8.1+0 

3  839 

9045 

4.266 

4G 

30 

5.-116 

Z,5SJ 

6  J  IS 

3.01+ 

7. 221 

3,44+ 

S.123 

3S75 

9026 

4.30S 

30 

4S 

5.-fW 

2,60" 

6,305 

3.04! 

7.206 

3.476 

8.106 

3,910 

9.007 

43+5 

IB 

26   0 

5.393 

2.630 

<>2?>2 

3.06'.> 

7.190 

3.507 

8.089 

3,945 

8,988 

4,384 

M   0 

IS 

5,3S1 

2.654 

6.278 

3.C96 

7.175 

3.538 

8.072 

3981 

8.969 

4.423 

46 

30 

SJ70 

2.677 

6265 

3,123 

7,160 

3.570 

8,05* 

4.016 

S.949 

4.462 

» 

46 

5J58 

2.70! 

6.251 

3.151 

7,144 

3.601 

S.037 

4,051 

8.9.«) 

4.-501 

16 

27   0 

5J46 

2,724 

6237 

3,173 

7.12.S 

3632 

8,019 

4.086 

8.910 

4.540 

fla  0 

15 

5.334 

2.747 

6,223 

3,205 

7  112 

3.(<lyi 

8.001 

4,121 

S.ft90 

4,579 

49 

30 

5.322 

2.770 

6.209 

3.232 

lifX^ 

3.6'M 

7.9&J 

+  156 

S.870 

4.618 

30 

45 

5J10 

2:'H 

6.19S 

3.259 

7.0SO 

3.725 

7.9GS 

+.190 

8.E50 

4.656 

IS 

S»  0 

5.298 

2M7 

6.131 

3.286 

7,064 

3, 7. '16 

;,W7 

4,225 

8.829 

4,695 

03   0 

IB 

5.2S5 

2340 

6.166 

3.313 

7.W7 

3  787 

7,923 

4  260 

8S09 

4,733 

46 

30 

5J73 

2SISJ 

6.152 

3.340 

7  Oil 

3,817 

7.9W.> 

4,29+ 

8  788 

4,772 

30 

46 

5.260 

2.SW> 

6.l-i7 

3J67 

7.014 

3.8+S 

7.891 

+  329 

8  767 

4,810 

16 

20   0 

S.ZiS 

2.WJ 

6.122 

.1394 

6.997 

3.S7.S 

7.S72 

+  361 

S.74<i 

4.*IS 

ai  0 

10 

5.235 

2,W2 

6,107 

3,420 

6.9SO 

3,909 

7  852 

4  393 

8,725 

4.8S6 

48 

30 

5  222 

2,'>5.i 

609.1 

5,447 

69<.J 

3.939 

7,8.13 

4  412 

8704 

4.924 

30 

4S 

5.209 

2.977 

6-077 

3.474 

6.946 

3,970 

7.814 

4,466 

8.682 

4.962 

IS 

80   0 

5.196 

3.0O0 

6.062 

3  500 

6.92S 

4.000 

7,794 

+.500 

S.660 

5.O0O 

SO    0 

i 

o    t 

Jhrf. 

Ut. 

Dap. 

L«l, 

Vvp. 

IM. 

Dtp, 

Ikt. 

Dip. 

Lat. 

Botrinr. 

BeaHc);- 

I>i.-iiuui-<>  n. 

Di.ttnlli-il  7. 

Dl^tnut-u  8. 

Obtiiuccti. 

niititncc  m 

k 

( 

50"-  76° 

i 

^^                          30"-  45'^         ^^^^^ 

n 

1 

BMriiv- 

lHaCM,iie«>  1. 

Dlatfttu^o  2. 

I>lstwi<<«8. 

Dtetoi»t?*4. 

OtoCaR^e  h. 

BmjIij. 

o    r 

Ul. 

Dep. 

LU.       D«p. 

LtU. 

Dtp. 

L*t. 

D-p. 

Ut. 
4319 

D.p. 

J     f 

301G 

OSM 

O.flM 

I  T2S    I.OOS 

2.592 

I-Sll 

3455 

2,015 

2  519 

S»4S 

1 

30 

0,Wi2 

0,508 

1723 

1.015 

2.5as 

1.523 

3.447 

2030 

4-30« 

2,.';JS 

30 

I 

4G 

0.8SV 

O.Sll 

1719 

1.02.5 

2.578 

1.S.H 

3-438 

2iMS 

4.297 

2  556 

15 

8t  0 

0,857 

0,515 

i.:h 

1.030 

2.572 

1.545 

3,429 

2.060 

4.2S6 

2.575 

&0  0 

IS 

0.855 

0,51'.; 

1.7iO 

1.038 

2.365 

1J.?6 

3.420 

2J07S 

4.275 

2-594 

46 

30 

0.8S3 

O.S22 

1,705 

1.W5 

2.558 

1,567 

3.411 

2.090 

4.263 

2612 

30 

40 

0S5CI 

0.526 

1.701 

1-052 

2-S51 

1-579 

3.401 

2.105 

4.2-^2 

2  631 

16 

a2  0 

O.S48 

0,5.10 

1,696 

1-060 

2.-544 

1-590 

3392 

2.120 

4.240 

2.650 

G8  0 

IB 

Q.S46 

053+ 

1,691 

1067 

2,S37 

1601 

3-JS3 

2.1.14 

4.229 

2  668 

46 

SO 

0,&*3 

0,537 

1,687 

1075 

2530 

1.612 

3374 

2,149 

4.217 

2fiS6 

30 

4G 

0,8*1 

0,541 

1.682 

1082 

2523 

1623 

-1364 

2  164 

4,205 

2,705 

15 

88  0 

0,SJ9 

0J45 

1,677 

lOS-J 

2.516 

l-6.lt 

3355 

2179 

4.193 

2,723 

57  0 

IB 

0.336 

0.548 

1.673 

1097 

2.509 

IAI.S 

3345 

2193 

4.ISI 

2,741 

46 

80 

0.834 

0,552 

1.668 

1.104 

2.502 

1.656 

3336 

2,208 

*Wf 

2.760 

30 

4fi 

0.S31 

0-556 

166J 

Mil 

2,494 

1-667 

3326 

2-222 

4.157 

2  778 

IS 

S4  0 

0.829 

0,5.W 

1.65K 

i.ns 

2-487 

1,678 

3316 

2237 

4.145 

2.796 

66  0 

IB 

0,M27 

0,.^fj 

1,653 

1126 

2-4SO 

1.6SS 

3306 

2.251 

4.133 

2S14 

46 

30 

0.824 

o,sr<. 

164S 

1.133 

2  472 

1.699 

3297 

2.266 

4.121 

ZS3Z 

30 

4B 

0.S22 

o.siv 

0,57U 

1W3 

1  140 

Z46S 
2^57 

1.710 

3.287 

2.280 

4.108 
4,096 

2A50 

U 

35  0 

0.574 

l,63S 

1.147 

172L 

3.277 

2  294 

28«S 

M  0 

16 

0.817 

0.577 

1  633 

1.15-i 

2  450 

1.731 

3  267 

i309 

4  0(13 

2JSS6 

46 

30 

U8M 

0.5SI 

162S 

1.161 

2  442 

1  742 

3  257 

2323 

4,071 

2,904 

30 

<B 

O^U. 

0  584 

1623 

1.168 

2.415 

1753 

3,246 

2.337 

4.av8 

2  921 

16 

30  0 

ostv 

0..588 

L6IS 

1-176 

2.427 

1  76,1 

3.236 

2  351 

4.045 

2.939 

a*  0 

IB 

«.sor. 

IJ5V1 

1-613 

I.1S3 

2  419 

1-774 

3.2y> 

2-36.? 

4A32 

2.9S7 

45 

30 

o.*» 

0.505 

1,60S 

1,1'» 

2.412 

I.7S4 

,3.315 

2.379 

4i)l9 

2.974 

30 

4C 

0.301 

OSid 

1.603 

1.197 

2.404 

1.795 

3.205 

2393 

4.006 

2.092 

IS 

87  0 

o;w 

0.602 

1.597 

1.204 

3-396 

1,805 

3.195 

7.407 

3.993 

3009 

K3  0 

IB 

0,7'X. 

0.605 

I.SW 

1.211 

2,388 

1.816 

3-liH 

2.421 

3. 980 

3.02f. 

46 

30 

OT^W 

0,M» 

1.-187 

1.21S 

2J80 

1.826 

3.173 

2,435 

3.967 

3,044 

SO 

46 

o.m 

0612 

1,581 

1,224 

2.372 

1,837 

3.163 

2.449 

3953 

3.061 

15 

88  0 

O.JSS 

OblO 

1.576 

1.231 

2.3M 

1.847 

3.m 

2.463 

3.940 

307S 

S3  0 

le 

0.7S5 

0.619 

1.571 

1.238 

2356 

1.6S7 

3-141 

2.476 

3.927 

3-0'J5 

45 

30 

o,;s.i 

Ofiil 

1,565 

1,245 

2,.MS 

1.86S 

.3-130 

2,490 

3.9U 

.3,113 

30 

45 

0.7B0 

0,626 

1.560 

1.252 

2.340 

i,8rs 

3.120 

2.S04 

3599 

3.1.30 

IB 

a»  0 

0.;;; 

0.62'.' 

1.554 

1.259 

2J31 

1,8SS 

3.109 

2.S17 

3.886 

3.147 

5t    0 

16 

0.774 

0.(..13 

1  ,S49 

1-265 

2.323 

IJWS 

3.098 

2.53 1 

3.872 

3.164 

46 

30 

0.772 

0,636 

1.543 

1.2/2 

231-5 

1-908 

3-0S6 

2.544 

3JUS 

.3.180 

30 

46 

0.709 

0.639 

1.S3S 
1.532 

1.279 

2307 

l-9iS 

3.075 

2.5  58 

3.8H 

3.197 
3,214 

50  0 

1 

40  0 

a7(V> 

0.64,1 

1.286 

2.298 

1.92S 

3.064 

2.571 

IB 

0,76.i 

0.64f, 

1-526 

1.292 

2,290 

1,938 

3.053 

2.584 

3,816 

3.231 

t£ 

30 

0.7G0 

0,649 

1.521 

1.299 

2,2S1 

1.948 

3.042 

2.598 

3.802 

3.247 

30 

45 

0758 

0653 

1.515 

1.106 

Z.273 

1.9S8 

3.030 

2.611 

3.788 

3.264 

IS 

41  0 

0/55 

0656 

1.509 

1J12 

2,26* 

1.968 

3.019 

2.624 

3.n4 

3.280 

49  0 

16 

0,752 

0659 

1.504 

1.319 

2.256 

1.978 

3-007 

2.637 

3,759 

3.297 

46 

30 

0.749 

0.663 

1.49S 

1J2S 

2-J47 

1.9SS 

2.996 

2.650 

3,745 

3313 

30 

46 

0,74f> 

0.666 

1.492 

IJ32 

1.23S 

1.998 

2.964 

2J6M 

3.730 

332'> 

IS 

43  « 

0.71.1 

0,669 

1.+S6 

]..ViS 

2  229 

2.007 

2.973 

2.677 

3.716 

3346 

48  0 

16 

0,7H0 

Oj672 

1.4S0 

U4i 

2.221 

ZA17 

2.961 

2j6S9 

3.TOI 

3J62 

45 

30 

0.737 

0.676 

1.475 

USl 

22U 

2027 

2.W9 

2.702 

3686 

3J78 

SO 

4B 

0.734 

0679 

J. 469 

US8 

2.203 

2J036 

2,937 

2.71  S 

3.672 

3J94 

16 

1 

43  0 

0  731 

0682 

1.463 

U64 

2194 

2.W6 

2.925 

2.728 

3657 

3  410 

47   0 

15 

0,728 

0£85 

1.457 

1J70 

2.185 

2056 

2.913 

2.741 

3M2 

3.426 

46 

30 

0.7ZS 

0688 

1.451 

U-7 

2.176 

2.065 

2.901 

2.753 

3j627 

3  442 

30 

4S 

0,722 

0692 

1.445 

IJJtJ 

2.167 

2.075 

2SS9 

2.766 

3A12 

345S 

15 

44  0 

a7i9 

0^695 

1.439 

1,3S9 

2.158 

ZX&i 

2An 

2.779 

iS97 

3.473 

46  « 

1» 

0.716 

0,69S 

1.433 

U96 

2,149 

2.0>3 

2.S6S 

2.791 

isaz 

3.4S9 

« 

30 

0.713 

0.701 

1.427 

1.402 

2.140 

2.103 

2.!J>3 

2.804 

3.566 

3.505 

30 

46 

0.710 

0.704 

1.420 

1.40S 

2.131 

2.112 

2.S41 

2.S16 

3.551 

3.S20 

U 

4R  0 

a707 

0.707 

1.414 

1.414 

2.121 

2.121 

2.828 

2.S2S 

3J36 

S.5M. 

4o  0 
o    t 

1 

o    * 

Sep. 

L«|. 

D.p. 

I«t. 

Dep. 

IM. 

D^ 

Lm. 

tkp. 

Lkk 

B«>ra^. 

DInlnuca  1. 

IMateu<-e  S. 

Dl.ituuof)  3. 

Dlatancp  4. 

Dlstnarr  n. 

BMrtit- 

1 

^                          46°-  60«              ^ 

J 

1 

Btsilig, 

IMKCnniT  «(. 

\HM»ncv  7- 

DUtance  8. 

OlntsHM  D. 

DlatABoelO. 

BMrtng. 

1 

r 

iM.        .       DVf: 

L*t.    1    S^p, 

Ut. 

Dap. 

La. 

Snj. 
4-534 

Ut. 

D.p, 

u       / 

5.183 

3,023 

6.047 

.3.526 

6.911 

4-O.W 

7.775 

S.63S 

S.03S 

so  45 

30 

5.170 

3jtH5 

6.tai 

3-5.53 

6.S93 

4J)«) 

7,755 

4568 

S-6I6 

5.075 

80 

15 

S.IW 

3j063 

6.016 

3,579 

6.875 

4.090 

7.735 

4602 

S.S94 

5  113 

IB 

31    0 

i.l« 

3.090 

6.0U0 

3.605 

6JS7 

4.120 

7.715 

4iU5 

8.572 

5.1.50 

SO    0 

IB 

5  12? 

3.113 

i.9B4 

3.6j1 

6.839 

4.150 

7.694 

4,669 

8.549 

5.1  SS 

IS 

30 

.vllG 

3135 

5.W>S 

3.6.^" 

6.821 

4.180 

7674 

4.702 

8  526 

5.225 

30 

^^ 

4fi 

5.102 

3.157 

S,9S2 

3  683 

6.S03 

4210 

7AS3 

4.7J6 

8.. 404 

5.262 

1ft  I^H 

32  0 

5088 

3.190 

5,936 

3.709 

6.784 

4ii9 

7.632 

4.769 

S.4S1 

5.299 

OS   0 

^H 

36 

5.074 

33i2 

SViO 

3.735 

6.766 

4-269 

7-612 

4K)2 

8.457 

5436 

45 

' 

30 

SOOi 

3-224 

S.'XH 

3.761 

6-747 

4-298 

7.591 

4fi36 

8.434 

5473 

30 

*E 

SfMfi 

3-246 

5.S87 

3  787 

6.723 

432S 

7  569 

4869 

8,410 

5,410 

10 

33   0 

5X)32 

3  26S 

5.871 

3.812 

6,709 

4357 

7. 548 

4.903 

8.387 

5.446 

37    0 

15 

5.0IS 

3-2^X> 

S.«M 

3.S3S 

6.690 

4.386 

7.527 

4.935 

8.363 

5.483 

45 

3(1 

5j0O3 

3J12 

SS37 

3.861 

6.W1 

4.416 

7  SOS 

4.%7 

8J39 

5.519 

90 

■ID 

4.W9 

3J3J 

S.S20 

3.SS9 

6.652 

4.445 

7.483 

5000 

8.315 

5.556 

IS 

3«    II 

*,'J74 

3JSS 

5803 

3.914 

6.632 

4.474 

7.461 

5033 

8.290 

5.592 

se  0 

i: 

4.y«) 

3J77 

5.786 

3-9*0 

6.6U 

4,502 

7.4.39 

5Wi5 

8.266 

5A2» 

46 

:io 

4.V45 

3J9S 

5.769 

3.965 

6.5M 

4.531 

7.417 

>,09S 

8.241 

5-6M 

30 

45 

1.930 

3.420 

5  752 

3.99(1 
4.015 

657.i 

4. 560 

7  395 

5  130 

8,217 
8.192 

5.700 

IS 

SS  0 

4  91S 

3  441 

5.734 

6.553 

4.589 

7J72 

5,162 

5.736 

55   0 

15 

4.SO0 

3.463 

5.716 

4.040 

6.5  JJ 

4,617 

7.350 

5-194 

S.l(* 

5.772 

49 

30 

4J»S 

3.4S4 

5.ff« 

4.l)6.> 

6-513 

4.646 

7327 

5  226 

S.U1 

5.807 

30 

4S 

4.8« 

3..505 

S-6S1 

4,090 

6,493 

4.674 

7J04 

5. 258 

S.U6 

5,843 

IS 

38  0 

4.854 

3.527 

5,663 

4,115 

6472 

4.702 

7,2S1 

5,290 

8.090 

5.S78 

04   0 

16 

4.839 

3.S4S 

5,645 

4  139 

6.452 

4.730 

7  258 

5.322 

SOW 

5.913 

49 

30 

4.823 

J..569 

5.627 

4,164 

6.431 

4.759 

7.235 

S.3.53 

8,039 

5.948 

SO 

4$ 

4.808 

3.590 

5.609 

4,1SS 

6.410 

4.787 

7.211 

5,.m5 

S.013 

5.983 

16 

37   0 

4.792 

3.61) 

5.5'X) 

4.213 

6.38'> 

4.81  S 

7.188 

5.416 

7.986 

6XILS 

S8    0 

16 

4  776 

3.rd2 

5.572 

4,237 

6,368 

4.S42 

7.164 

5.448 

7.960 

6.053 

«S 

30 

4.760 

3  65i 

5.554 

4.261 

6J47 

4.870 

7.140 

5.479 

7.934 

6.088 

SO 

*b 

4.744 

3.67.5 

5  .'35 

4,2S6 

6.326 

4.898 

7,116 

5,510 

7.907 

6.122 

IB 

38  0 

4.72a 

3,694 

5,516 

4,310 

6,30* 

4  925 

7092 

S.S41 

7.380 

6.157 

52   0 

1 

16 

4  712 

3715 

5.497 

4.334 

62S3 

4,953 

7068 

5.572 

7,853 

6.191 

4B 

30 

4,696 

3,735 

5.478 

4.3.58 

6,261 

4.980 

7.043 

5,603 

7.326 

6.225 

90 

4( 

4.679 

3.756 

5.459 

4.381 

6.239 

S.007 

7.019 

5.633 

7.799 

6.259 

19 

•»  0 

4  Ml 

3.776 

5.440 

4.405 

6.2L7 

5.035 

6.99+ 

5.664 

7.772 

6293 

51    0 

u 

4.646 

3.796 

5.421 

4,42y 

fi,lys 

5.062 

6-970 

.5.6W 

7.7H 

6-327 

45 

' 

30 

4£30 

3Jil6 

5.401 

4.453 

6.173 

5.0S9 

6.945 

S,72S 

7.716 

6361 

SO 

J 

4B 

4An 

3.837 

5..J82 

4.476 

4.S0O 

6.1.51 
6,128 

5-116 

6,920 
6.894 

5.755 
5^785 

7.688 

6.394 

i6 

1 

40   0 

4.5% 

3A57 

5..V>2 

5.142 

7.660 

6,428 

So    0 

Id 

4.579 

3.87'. 

5. .14  J 

4,52.1 

6,106 

5.169 

6,869 

5,815 

7AJ2 

6.461 

4S 

30 

4.562 

3597 

5-123 

4,546 

6,OS3 

5.196 

0,844 

5.845 

7.6(M 

6.495 

80 

4& 

4. 545 

3,917 

5J03 

4,5W 

6.061 

5  2?-?. 

6,818 

S,S7S 

7.576 

6.528 

IS 

4.1    0 

4j28 

3.9-i6 

i2ia 

4.592 

6.0JS 

5-248 

6792 

S.90S 

7.. 547 

6561 

49    0 

IB 

4S11 

3.956 

5263 

4.615 

6.015 

5.275 

6.767 

5.934 

7.518 

6.594 

46 

1 

30 

4.49* 

3.976 

5,243 

4A)8 

S.9?2 

5.301 

6,741 

5.9(j4 

7.490 

66Z6 

30 

49 

4.476 

3.995 

.^.222 

4«6] 

5.96S 

5J27 

6.715 

5.993 

7461 

6,659 

IS 

42   0 

4.459 

4.015 

.5,202 

4,6ftf 

5.945 

5,353 

668S 

6-022 

7.431 

6.691 

48   a 

n 

4.441 

4J3.H 

5.182 

4.707 

5.922 

S-iTl 

6662 

6,051 

7.402 

6.724 

49 

30 

4  424 

4.054 

5.161 

4.729 

SJW8 

5.40S 

6.635 

6,OS0 

7-373 

6.7i;6 

30 

*5 

4.406 

4fl73 

5.140 

4.752 

5-875 

5,430 

6609 

6,109 

7443 

6  733 

19 

43  0 

4VV1 

4I»2 

5.119 

4,774 

5.851 

5  4,56 

6,582 

6138 

741.4 

6820 

47    0 

' 

15 

4J70 

4111 

5099 

4,796 

5,827 

5,481 

6.555 

6.167 

7  284 

6852 

49 

30 

4  352 

4.1  JO 

5.078 

4.8  IK 

5.S03 

5-507 

6.528 

6.195 

7.254 

6.384 

30 

45 

4  3i4 

4149 

5.057 

4.S41 

^779 

5-532 

6501 

6-224 

7.224 

6.9IS 

10 

44  0 

4316 

4.1(a 

5.035 

4S63 

S.7SS 

5.557 

6,474 

6252 

7.193 

6,947 

46    0 

16 

4.29lt 

4.187 

5.014 

4,8&5 

5730 

5 -532 

6,447 

6.280 

7.163 

6.978 

45 

1 

90 

4.290 

4206 

4.993 

4.906 

5.706 

5.607 

6,419 

6JDS 

7.133 

7.009 

30 

45 

4.261 

4.224 

4.971 

4-935 

5. 681 

S&J2 

6492 

6436 

7.102 

7.040 

IS 

AS  0 

4.243 

4-Z4-1 

4.950 

4,950 

5.657 

"ST 

S6S7 

6364 

6.364 

7.071 

7.071 

45    0 

1 

c     t 

Dep. 

La. 

D^. 

LM. 

Lat. 

LaU 

D«p. 

Ut. 

o     f 

Btubg, 

nistam-c  (I. 

— ■ — ' ' — ■ — 

nisU)oi-e  7. 

r>lnlnnr«  8. 

DlatouLV  I>. 

DbitttDoelO. 

"B^tsinif. 

46°-  60^ 

_^ 

M 

^^^^^^^K                                                                                ,^^^^^1 

^^^^" 

B2  TABLE  Vin.-NATL:E.\L  SINK 

AND  COST!? 

BT 

^ 

/ 

O*' 

l'^ 

ST- 

3 

- 

4 

V 

f 

■In 

(A* 

•In       ««• 

alB 

«aa 

■In 

«OB 

•iB 

«aa 

0 

ooco 

1000 

0175    9998 

0349 

9994 

0523 

9986 

0698 

9976 

60 

1 

UOOJ 

1000 

0177    9998 

0352 

9994 

0526 

9986 

0700 

9975 

59 

) 

2 

0006 

1000 

0180    'MW 

0355 

9994 

0529 

9986 

0703 

9975 

58 

3 

0009 

1000 

0183    999S 

0358 

9W4 

0532 

9986 

0706 

9975 

57 

4 

0012 

1000 

01B6    9998 

0361 

99'» 

0535 

9986 

o;oy 

9975 

56 

5 

0015 

lOOO 

01S9    999S 

0364 

9993 

0538 

9966 

0712 

9975 

5i 

6 

0017 

lOOO 

0192    909S 

0366 

9993 

0541 

996S 

0715 

9974 

54 

■ 

7 

0020 

1000 

0195    9998 

0369 

9993 

0544 

9965 

0718 

9974 

53 

8 

0O23 

1000 

0198    999S 

0372 

9993 

0547 

9965 

0721 

9974 

52 

9 

0026 

10(10 

0201    9998 

0375 

9993 

0550 

99&S 

0724 

9974 

51 

lO 

0029 

1000 

0204    9998 

0378 

9993 

0552 

9985 

0727 

9974 

BO 

11 

0032 

lOOO 

0207   9996 

0381 

9993 

0555 

9985 

0729 

9973 

49 

12 

0035 

lOOO 

0209   9998 

0384 

9993 

0558 

99W 

0732 

9973 

48 

13 

003S 

lUOO 

0212    9998 

0387 

9993 

0561 

9984 

0735 

9973 

47 

14 

0041 

1000 

0215    999S 

0390 

9992 

0564 

99S4 

0758 

9973 

46 

IS 

0044 

1000 

0218    999S 

0393 

9992 

0567 

9984 

0741 

9973 

45 

16 

0047 

1000 

0221    9996 

0396 

9992 

0S70 

9964 

0744 

9972 

44 

17 

0049 

lOOO 

0224    9997 

0398 

9992 

0573 

9984 

0747 

9972 

43 

18 

00S2 

IIXW 

0227    9997 

0401 

9992 

os;6 

9983 

0750 

9972 

42 

19 

0055 

1000 

0230    9997 

04CH 

9992 

0579 

9983 

07S3 

9972 

41 

20 

0058 

1000 

0233    9997 

0407 

9992 

0S8I 

9983 

0756 

9971 

40 

i\ 

0061 

1000 

0236    9997 

0410 

9992 

05S4 

998J 

0758 

9971 

39 

22 

0064 

1000 

0239    9997 

0413 

9991 

0587 

99SJ 

OKI 

9971 

38 

Zi 

0067 

1000 

0241    9997 

0416 

9991 

0590 

9963 

0764 

9971 

37 

24 

0070 

lOOO 

0244    9997 

0419 

9991 

0593 

9982 

0767 

9971 

36 

25 

0073 

1000 

0247    9997 

0422 

9991 

0596 

9962 

0770 

9970 

33 

26 

0076 

1000 

0250    9997 

0425 

9991 

0599 

9962 

0773 

9970 

3« 

27 

0079 

1000 

0253    9997 

0427 

9991 

M(ff. 

9962 

0776 

9970 

33 

2S 

0081 

1000 

0256    9997 

0430 

9991 

060S 

9962 

0779 

9970 

32 

29 

00S4 

1000 

0259   9997 

0433 

9991 

0608 

9962 

0782 

9969 

31 

.SO 

0087 

1000 

0262    9997 

0436 

9990 

0610 

9981 

078$ 

9969 

90 

Jl 

ooyo 

1000 

0265    9996 

0439 

9990 

0613 

9961 

0787 

9969 

» 

32 

0093 

lUOO 

OZrxS    9996 

0442 

9990 

iXiifi 

9981 

U79U 

9969 

a 

33 

00% 

1000 

0270    9996 

0445 

9990 

0619 

99S1 

0793 

9966 

ZT 

34 

0099 

1000 

0273    9996 

0448 

9990 

0622 

9961 

0796 

9966 

» 

3S 

0102 

9999 

0276    9996 

0451 

9990 

0625 

9980 

0799 

9966 

2S 

3^. 

0105 

9999 

0279    9996 

0454 

99'» 

0628 

99S0 

0802 

9966 

M 

37 

0108 

9999 

02S2    9996 

WS7 

99W 

0631 

99S0 

0805 

9968 

23 

3S 

0111 

9999 

0285    9996 

0459 

9989 

0634 

9980 

0808 

9967 

21 

3V 

0113 

9999 

0288    'WA 

0462 

9«9 

0637 

9980 

0811 

W67 

21 

44) 

0116 

9999 

0291    9996 

0465 

9989 

0640 

9960 

0814 

9967 

90 

41 

0119 

9999 

0294    9996 

0468 

vm 

0642 

V97V 

0616 

9967 

19 

42 

0122 

9999 

0297   9996 

0471 

9989 

0645 

9979 

0819 

9966 

18 

43 

0125 

9999 

0300    9996 

0474 

9989 

0648 

9979 

0622 

9966 

17 

44 

012S 

9999 

0302    999S 

0477 

9989 

0651 

9979 

0625 

9966 

16 

45 

0131 

9999 

0305    9995 

0480 

99SS 

0654 

9979 

0828 

9966 

U 

46 

0134 

9999 

0308    9995 

0483 

9988 

0657 

9978 

oaii 

996S 

14 

47 

0137 

'»99 

0311    9995 

0486 

9988 

0660 

9978 

0634 

9965 

13 

48 

0140 

9999 

0314    9995 

04SS 

99S8 

0663 

997S 

0637 

996$ 

12 

4y 

0143 

9999 

0317    9995 

0491 

9968 

0666 

997S 

081O 

9965 

U 

n« 

0145 

9999 

0320   999S 

0494 

9988 

0669 

9978 

0613 

99» 

to 

1 

51 

0145 

9999 

0323    999S 

0497 

9988 

0671 

9977 

0645 

9964 

9 

52 

0151 

9999 

0326    9995 

05OO 

99S7 

0674 

9977 

0948 

99M 

a 

S3 

0154 

9V99 

0329    9-^5 

0503 

99S7 

0677 

9977 

0651 

9«64 

r. 

54 

0157 

9999 

0332    9995 

0506 

99S7 

0680 

9'>77 

0854 

9963 

#■ 

5S 

0160 

9999 

0334    9994 

0509 

99S7 

0683 

9977 

0857 

9963 

a 

56 

0163 

9999 

0337    999+ 

0512 

9987 

0666 

9976 

0860 

9963 

S7 

0166 

9'W9 

0340   9994 

0515 

9987 

0689 

9976 

0663 

9963 

II 

58 

0169 

9M99 

0343    999t 

0518 

9987 

0692 

9976 

C666 

9962 

2 

F 

59 

0172 

9999 

0346    9994 

0520 

9966 

0695 

9976 

0669 

9962 

I 

OO 

0175 

9999 

0349    9994 

0523 

9986 

0698 

9976 

0672 

9962 

0 

1 

81^ 

*A«            ■!■ 

OSB            Bill 

e«a 

•IB 

«M 

•IB 

^ 

f 

SB^" 

90P 

8. 

»'' 

~"/ 

■ 

m 

J 

^ 

■ 

1 

^ 

^^" 

^THW^BAL 

8ISKS  AKD 

COSINES. 

n 

m 

^ 

r^ 

«^ 

9- 

7" 

8 

u 

W- 

t 

2 

■!■    CM 

■In   (MM 

alB   eoa 

ata 

en* 

a» 

eda 

1  o 

0872  <»62 

IMS  9945 

1219  9925 

1392 

9901 

1564 

9877 

(to 

^ 

■  1 

0874  W62 

IMS  9945 

1222  9925 

1395 

9'X»2 

IS67 

9876 

59 

■ 

H 

0677  <>4«1 

1051  994S 

1224  V92S 

1397 

9902 

1570 

9876 

58 

■ 

n  3 

0R30  9961 

I0S4  99H 

1227  W24 

1400 

9901 

1573 

9876 

57 

■ 

II  f 

(18^1  9961 

1057  fm 

1250  9924 

1+05 

9901 

1576 

9875 

56 

^ 

H  5 

0886  9961 

1060  9944 

1233  9924 

1406 

9901 

1579 

9875 

55 

6 

(nN9  9960 

IWiJ  9»t3 

1236  W23 

14U9 

9900 

1582 

9874 

54 

7 

0892  9960 

1066  99t3 

1 2.19  9923 

1412 

9900 

15S4 

9874 

S3 

1 

8 

0895  9960 

10(j8  9943 

1241  9923 

1415 

9899 

1587 

9873 

52 

■ 

9 

0896  990) 

IO;i  99*2 

1245  9922 

1418 

9899 

1590 

9873 

SI 

10 

0901  9959 

1074  9942 

1248  9922 

H2I 

9899 

1593 

9872 

AC 

31 

0903  9959 

1077  9942 

12S0  9922 

1423 

9898 

1596 

9872 

49 

1 

12 

0906  79S9 

lOSO  9942 

1253  9921 

1426 

989S 

1599 

9871 

48 

' 

U 

0909  9959 

1083  9941 

1256  9921 

1429 

9897 

1602 

9871 

47 

14 

091Z  9958 

inns  9941 

1ZS9  9920 

1432 

9897 

lEOS 

9870 

46 

IS 

0915  9958 

1099  9941 

1262  9920 

1435 

9897 

iGor 

9870 

45 

16 

0918  995S 

1092  9940 

1265  9920 

1433 

9696 

1610 

9669 

44 

^kf 

0921  9958 

1094  9940 

1268  9919 

1441 

9896 

1613 

9869 

43 

^ 

^B9 

0924  99S7 

imi   '»« 

1271  9919 

1+44 

9895 

1616 

9869 

42 

■ 

l^w 

0927  9957 

1100  9939 

1274  9919 

1446 -^sgs 

1619 

9S6S 

41 

■ 

II  so 

0929  9957 

1103  9939 

1276  9918 

14+9 

9894 

1622 

9868 

40 

■ 

1^^] 

0932  9956 

1106  9939 

1279  9918 

1452 

9894 

1625 

9667 

39 

fl 

^^^t 

0935  9956 

no-)  9938 

1282  9917 

1455 

98M 

1628 

9667 

38 

■ 

^R^v 

0938  9956 

1112  9938 

1285  9917 

1458 

9893 

1630 

9866 

37 

^ 

■m 

0941  9956 

1115  9938 

1238  9917 

1461 

9893 

1633 

9SG6 

36 

25 

09M  9955 

1118  9937 

1291  9916 

146+ 

9892 

1636 

9865 

35 

—I 

» 

09*7  9955 

1120  9937 

129*  9916 

1467 

9B92 

1&19 

9S65 

34 

m 

27 

0950  9955 

1123  9937 

1297  9916 

1469 

9891 

IM2 

9864 

33 

■ 

28 

0953  9955 

1126  9936 

1299  9915 

1472 

9891 

1645 

9S64 

32 

^ 

29 

0956  9954 

1129  9936 

1302  9915 

1475 

9891 

1648 

9863 

31 

SO 

0958  9954 

1132  9936 

1305  9914 

1478 

9890 

l&SO 

9K» 

30 

31 

0961  9954 

1I3S  9935 

1308  9914 

1481 

9»0 

1653 

9862 

29 

1 

32 

9964  9953 

1138  9935 

1311  9914 

1484 

9689 

I6S6 

9867 

28 

■i 

33 

0967  99S3 

1141  9935 

1314  9913 

1487 

9839 

1659 

9661 

27 

'i 

34 

0970  9953 

114+  9934 

1317  9913 

1490 

9838 

1662 

9661 

26 

,1 

35 

0973  9553 

1146  9934 

IWn  9913 

1*92 

9SSS 

1665 

9860 

25 

'i 

36 

0976  99S2 

1149  9934 

1323  9912 

I49S 

9888 

1668 

9860 

24 

37 

0979  9952 

mz  9933 

I32S  9912 

149S 

98S7 

1671 

9S59 

23 

,38 

0962  9952 

11 SS  9933 

1328  9911 

ISOl 

9887 

1673 

9R59 

22 

B» 

0985  9951 

llSa  9933 

1331  9911 

150+ 

9886 

1676 

9859 

21 

^ 

0987  9951 

I16L  9932 

1334  9911 

1507 

9886 

1679 

9658 

20 

^ 

41 

Vfm   9951 

1164  9932 

1337  9910 

1510 

98S5 

1632 

9858 

19 

■ 

42 

0993  9951 

1167  9932 

13+0  9910 

1513 

9SS5 

1635 

9857 

18 

■ 

43 

0995  99S0 

1170  9931 

13+3  9909 

1515 

9884 

16SS 

9857 

17 

■ 

44 

0999  9950 

1172  9931 

1346  9909 

ISIS 

9884 

Uiil 

9K56 

16 

^ 

45 

1002  9950 

1175  9931 

1349  9909 

1521 

9884 

1693 

9S56 

15 

46 

1005  9949 

1178  9930 

1351  9908 

1S24 

9883 

1696 

9855 

14 

47 

1008  9949 

1I8I  9930 

135+  9908 

1527 

9883 

1699 

9855 

13 

48 

1011  9949 

nS4  9930 

1357  9907 

1S30 

9882 

1702 

98,54 

12 

49 

1013  9949 

1187  9929 

1360  9907 

153  J 

9882 

1705 

9854 

11 

, 

SO 

1016  994S 

1190  9929 

1365  9907 

1536 

9883 

1708 

9853 

lO 

1 

51 

1019  9948 

1193  9929 

1366  9906 

1538 

9881 

17U 

9853 

9 

52 

1022  9948 

1196  W28 

1369  9906 

1541 

9880 

171+ 

9852 

8 

1 

a 

1025  9947 

IIWJ  9'>2S 

1372  9905 

ist+ 

9880 

1716 

9852 

7 

1 

54 

1028  9947 

1201  'i'GSi 

1374  9905 

1 5+7 

9880 

1719 

9851 

6 

5S 

1031  9947 

1204  -fm 

1377  9905 

1550 

9879 

1722 

9851 

5 

56 

1034  99«i 

120r  9927 

13fl0  9904 

1553 

9879 

1725 

9850 

4 

57 

1037  9946 

1210  9927 

13aj  9904 

1556 

9878 

1728 

9850 

3 

58 

1039  9946 

12L3  9926 

1386  9903 

1S59 

9878 

1731 

9S49 

2 

n  59 

J042  9946 

1216  9926 

1389  9903 

1S61 

9877 

173+ 

9849 

1 

1 

■"» 

10*5  9945 

1219  9925 

1392  9903 

ISM 

9877 

17.16 

9848 

0 

A 

t 

««•   Bin 

»3^ 

HM   Bin 

rat 

■In 

HM   aln 

^ 

tU" 

82" 

81 

\' 

\m 

r^ 

m 

^^^ 

U 

^ 

^ 

m 

M 

H 

m 

^C^R 

1^ 

^ 

^ 

^ 

t 

10^ 

11- 

1 

"■!.■ 

t 

1» 

14 

^ 

tin 

<HH 

■la 

ooa 

•lo 

dm 

o 

1736 

9848 

1908 

9816 

207\i 

•JjM 

2250 

9744 

2419 

9703 

00 

1 

1739 

9848 

1911 

9816 

2C»2 

9781 

2252 

9743 

2422 

9702 

59 

2 

1742 

9847 

1914 

9815 

2085 

9780 

2255 

9742 

2425 

9702 

53 

3 

174  S 

9&47 

1917 

9815 

2038 

9780 

2258 

9742 

2423 

9701 

57 

4 

17*8 

9846 

1920 

9814 

2090 

9779 

2261 

9741 

2431 

9300 

56 

5 

1751 

9816 

1922 

9813 

209.1 

9778 

2264 

9740 

2433 

9699 

SS 

6 

1754 

9845 

192S 

9813 

2096 

9778 

2267 

9740 

2436 

9W9 

54 

7 

1757 

9845 

1928 

9S12 

2099 

9777 

2269 

9739 

2439 

9698 

51 

8 

1759 

9814 

1931 

9812 

2102 

9777 

2272 

9738 

2442 

9697 

53 

9 

1762 

9843 

1W4 

9811 

2105 

9776 

227S 

9738 

2*45 

9697 

51       [ 

lO 

17M 

9843 

1937 

9811 

2108 

9775 

2278 

9737 

2*47 

9696 

00      ' 

11 

176S 

9842 

1939 

9810 

2110 

9775 

2281 

9736 

2*50 

9695 

49 

12 

1771 

9842 

1942 

9810 

2113 

9774 

2284 

9736 

2453 

9694 

48 

13 

1774 

9841 

1945 

9809 

2116 

9774 

2286 

9735 

2456 

9694 

47 

14 

1777 

9641 

1943 

9808 

2119 

9773 

22S9 

9734 

2459 

9693 

46 

15 

17T9 

9W0 

1951 

9803 

2122 

9772 

2292 

9734 

2*62 

9692 

45 

16 

1782 

9840 

1954 

9607 

2125 

9772 

2295 

9733 

2464 

9692 

44 

17 

1785 

9839 

I9S7 

9807 

2127 

9771 

2298 

9732 

2467 

9691 

43 

18 

1788 

9839 

I9S9 

9806 

2130 

9770 

230O 

9732 

2470 

9690 

42 

19 

1791 

9838 

1962 

9806 

2133 

9770 

2303 

9751 

2473 

9689 

41 

ao 

1794 

9836 

1965 

9805 

2136 

9769 

ZJ06 

9730 

2476 

9689 

40 

^_ 

21 

1797 

9837 

1968 

9804 

2139 

9769 

2309 

9730 

Z*78 

9688 

» 

^^Ki 

22 

1799 

9837 

1971 

9804 

2142 

9768 

2312 

9729 

2431 

96S7 

36 

^^^f 

23 

1802 

9836 

1974 

9803 

2145 

9763 

2315 

9728 

2*84 

9687 

3T 

r 

24 

180S 

9836 

1977 

980i 

2147 

9767 

2317 

9728 

2487 

9686 

36 

L 

25 

1808 

9835 

1979 

9802 

2150 

9766 

2320 

9727 

2*90 

9685 

35 

Zd 

1811 

9835 

1962 

9802 

2155 

9765 

2323 

9726 

a*93 

9604 

34    • 

^^^K 

27 

1314 

9834 

1935 

9801 

2156 

9765 

2326 

9726 

»95 

9664 

» 

^^^H 

28 

1817 

9834 

1988 

9800 

2159 

9764 

2329 

9725 

249S 

9683 

U 

V 

29 

1S19 

9833 

1991 

9800 

2162 

976* 

2332 

9724 

2501 

9r>H2 

Jt 

r 

30 

1822 

9833 

1994 

9799 

2164 

9763 

2334 

9724 

2SIM 

<M>S1 

90 

31 

1825 

9832 

1997 

9799 

2167 

9762 

2337 

9723 

2.107 

9681 

z» 

.52 

1828 

9831 

1999 

9798 

2170 

9762 

2340 

9722 

2509 

9680 

21 

33 

183 1 

9831 

2002 

9796 

2173 

9761 

3343 

9722 

2512 

9679 

U 

34 

1834 

9830 

2005 

9797 

2176 

9760 

2346 

97^1 

2515 

9679 

86 

35 

1817 

9830 

200S 

9796 

2179 

9760 

2349 

9720 

2518 

W78 

!S 

36 

1840 

9829 

2011 

9*96 

2181 

9759 

2351 

9720 

2521 

9677 

24 

37 

1842 

9829 

2014 

9795 

2184 

9759 

2354 

9719 

2524 

9676 

0 

38 

1845 

9828 

2016 

9795 

2187 

9758 

2357 

9718 

2526 

9676 

n 

39 

1848 

9823 

2019 

9794 

2190 

9757 

2360 

9718 

2529 

9675 

&i 

40 

1851 

9827 

2022 

9793 

2193 

9757 

2363 

9717 

2.«2 

9674 

90 

41 

1854 

9827 

202S 

9793 

2196 

97S6 

2366 

9716 

25-15 

'»73 

IV 

42 

1857 

9826 

2028 

9792 

2198 

9755 

2368 

9715 

2538 

%73 

» 

43 

I860 

9826 

2031 

9792 

2201 

9755 

2371 

9715 

2540 

S672 

17 

44 

1862 

9825 

2034 

9791 

220* 

9754 

2374 

9714 

2543 

9671 

U 

45 

1865 

9825 

2036 

9790 

2207 

9753 

Z377 

9713 

2546 

9670 

IS 

46 

136$ 

9824 

2039 

9790 

2210 

9753 

I^MO 

9713 

2549 

9670 

14 

47 

1871 

yiW3 

2042 

9789 

2213 

9752 

23&.1 

9712 

2552 

9669 

u 

48 

U74 

9823 

2045 

9789 

22)5 

9751 

23S.5 

9711 

Z554 

S66S 

u 

49 

1877 

9822 

2048 

9788 

2218 

9751 

.  2388 

9711 

2557 

9667 

u 

SO 

1880 

9622 

2051 

9787 

2221 

9750 

2391 

9710 

2560 

9667 

10 

51 

1882 

9S2I 

2054 

9787 

2224 

9750 

239* 

9709 

2563 

9666 

9 

52 

1885 

9S21 

2056 

9786 

2227 

9749 

2397 

9709 

2iU> 

966S 

8 

53 

1888 

9520 

20!.9 

9786 

2230 

9748 

2399 

9706 

25fi9 

9665 

1 

S4 

1891 

9820 

2062 

9785 

2233 

9748 

2402 

9707 

2571 

9664 

6 

55 

1894 

9819 

20&S 

9784 

2235 

9747 

2405 

9706 

2574 

9663 

S 

56 

1897 

9818 

2068 

9784 

ZZ3S 

9746 

2408 

9706 

2577 

9662 

* 

57 

1900 

9818 

2071 

9783 

2241 

9746 

2*11 

970S 

2580 

9662 

I 

5S 

1902 

9817 

2073 

9783 

2244 

9745 

2*14 

9704 

2583 

9661 

2 

59 

1905 

9817 

2076 

9782 

2247 

9744 

2416 

970* 

ZSS5 

9660 

1 

00 

1908 

9816 

2079 

9781 

2250 

9744 

2419 

9703 

2588 

9659 

0 

I 

79" 

cos          ■■« 

78^ 

no* 

•kin 

7«- 

70-^ 

_ 

■ 

i 

77-^ 

■ 

C" 

J 

■ 

■ 

_■ 

■ 

^ 

^ 

NAT 

PbTl 

TWB 

nfwn 

^Sn 

1^ 

^ 

^ 

"H 

1 

> 

lO" 

17 

■In       Of» 

IS" 

IQ" 

r 

1 

■la 

«•• 

■la 

««• 

■1b 

MM 

o 

2538 

9659 

2756 

9<H3 

2924 

9563 

3090 

9511 

3256 

9455 

00 

■ 

1 

2591 

9659 

2759 

9612 

2926 

9562 

3093 

9510 

3258 

9*54 

59 

■ 

2 

2594 

9658 

ZTM 

9611 

29?) 

9S61 

.iOS>6 

9509 

3261 

9*53 

5S 

■ 

3 

2597 

9657 

2765 

9610 

29J2 

9S60 

J0<« 

9508 

3264 

9452 

57 

■ 

4 

Z599 

9656 

276S 

9609 

Z9JS 

9560 

3101 

9507 

3267 

9451 

56 

^ 

5 

26M 

9655 

2770 

9609 

2938 

9559 

3104 

9506 

3269 

9450 

55 

] 

6 

ttOS 

9655 

2773 

9608 

2910 

9558 

3107 

9505 

3272 

9*49 

54 

^ 

7 

2608 

96&4 

2776 

',tt07 

29*3 

9557 

3110 

9S04 

3275 

9449 

53 

■ 

« 

2611 

96^1 

2779 

y606 

29*6 

9556 

3112 

9503 

3278 

9448 

52 

■ 

9 

2613 

96S2 

2782 

9605 

294* 

9555 

3115 

9502 

3280 

9H7 

51 

■ 

lO 

2616 

9652 

2784 

9605 

29S2 

955S 

3118 

9502 

3283 

9446 

50 

^ 

1  1^ 

2619 

9651 

2787 

96(H 

2954 

9554 

3121 

9501 

32S6 

9445 

♦9 

] 

1  " 

Wi22 

9650 

2790 

9603 

2957 

9553 

3123 

9500 

3289 

9H4 

48 

u 

2625 

9649 

2793 

9602 

2960 

9552 

3126 

9W 

3291 

9M3 

47 

14 

262S 

9649 

279S 

9601 

2963 

9551 

3129 

9*98 

3294 

9*42 

46 

15 

2b]0 

9648 

2798 

9rino 

2>>65 

9S50 

3132 

9497 

3297 

9441 

45 

16- 

m\\ 

9647 

2801 

9600 

2968 

9S49 

3134 

9496 

3300 

'>H0 

44 

17 

26)6 

9646 

»»4 

9599 

2971 

9548 

3137 

9495 

3302 

9439 

43 

^ 

16 

26» 

9646 

2307 

9598 

2974 

9548 

3140 

9494 

3305 

9438 

42 

■ 

19 

2«2 

9545 

ZS09 

9597 

2977 

9547 

3143 

9493 

3309 

9437 

41 

ao 

Z6H 

9644 

2812 

9596 

2979 

9546 

3!4S 

9492 

3311 

9436 

40 

' 

21 

2hH 

9643 

281S 

9396 

29S2 

9545 

3148 

9492 

3313 

9435 

39 

i 

22 

26S0 

9642 

2818 

»9S 

2WS 

9544 

3151 

9W1 

3316 

9434 

38 

23 

2653 

9642 

2fttl 

9594 

2968 

9*43 

3154 

9490 

3319 

•M33 

37 

^ 

2f 

2656 

9641 

2S23 

9593 

2990 

9542 

3156 

9469 

3322 

9432 

36 

■ 

25 

26» 

9640 

W% 

9592 

2'*93 

9542 

3159 

94S8 

3324 

9*31 

35 

^ 

26 

2661 

9639 

?Jt?9 

9591 

2996 

9541 

3162 

9*87 

1327 

9430 

34 

27 

26M 

9539 

2832 

9591 

2999 

9540 

3165 

94S6 

5330 

9*29 

33 

28 

2667 

9638 

2835 

9590 

3002 

9539 

316S 

9485 

3333 

9428 

32 

29 

2670 

9637 

2837 

9S89 

3004 

9538 

3170 

9484 

3335 

9*27 

31 

Im 

2672 

9636 

2S40 

958S 

3007 

9537 

3175 

9483 

3338 

9426 

30 

J  31 

2675 

9636 

2S43 

9587 

3010 

9536 

3176 

9482 

3341 

9*25 

29 

a  32 

2678 

9635 

2»t6 

9587 

3013 

9535 

3179 

9481 

3344 

9424 

28 

■  35 

7681 

9634 

2849 

9586 

3015 

9535 

3181 

9480 

3i4/. 

9*23 

27 

■  34 

7AM 

9633 

?851 

9585 

301 S 

9534 

3184 

9480 

3349 

9423 

26 

1      35 

2686 

9632 

2354 

9SW 

3021 

9533 

3187 

9*79 

3552 

9422 

25 

■     36 

26ft9 

9632 

2857 

9583 

3024 

9532 

3190 

9478 

3355 

9421 

24 

37 

2692 

9631 

2860 

9SS2 

3026 

9531 

3192 

9*77 

33S7 

9420 

23 

38 

2695 

9630 

?Ma 

9582 

3029 

9530 

3195 

9476 

3560 

9419 

22 

39 

2696 

9629 

2865 

9581 

3032 

9529 

5193 

9475 

3361 

9418 

21 

40 

2700 

9623 

2868 

9580 

3035 

952S 

3201 

9474 

3365 

9*17 

90 

41 

2703 

962S 

2871 

9579 

3036 

9S27 

3203 

9473 

3368 

9416 

19 

.      *2 

2706 

9627 

2874 

9578 

3040 

9S27 

3206 

94T2 

3571 

9415 

18 

L     43 

2709 

9626 

2876 

9577 

3043 

9526 

3209 

9471 

5574 

9414 

17 

1"^ 

2712 

9625 

2S79 

9577 

3046 

9525 

5212 

9*70 

3376 

9413 

16 

■  45 

27t4 

9625 

2SS2 

9576 

3049 

9524 

3214 

9160 

3379 

9412 

15 

■   46 

2717 

9624 

28:^ 

95  75 

3051 

9523 

5217 

9463 

3382 

9411 

14 

■  " 

2720 

9623 

2S8$ 

9574 

3054 

9522 

5220 

9467 

3385 

9410 

13 

1     ^ 

2723 

9622 

2t»0 

9S73 

J0S7 

9S21 

5223 

9466 

3387 

9409 

12 

"     49 

2726 

9621 

2893 

9572  . 

3060 

95  JO 

3225 

9466 

3390 

9408 

11 

SO 

2728 

9621 

2896 

9572 

3062 

9520 

3228 

9^fo 

3395 

9*07 

lO 

51 

2731 

9620 

2899 

9571 

3065 

9519 

5231 

9*64 

3396 

9406 

9 

52 

2734 

9619 

29Q1 

9s;o 

306S 

9518 

3234 

9463 

3398 

9405 

8 

1     " 

■     55 

2737 

96IS 

29(M 

9569 

5071 

9517 

3236 

9462 

3401 

9404 

7 

2740 

9617 

2907 

9568 

3074 

9516 

5239 

9461 

3404 

94UJ 

6 

2742 

9617 

2910 

9S67 

3076 

9515 

3242 

9*«0 

3407 

9402 

5 

1 

56 

2745 

9615 

Z9i.I 

9566 

3079 

9514 

3245 

9459 

3409 

9401 

4 

57 

2748 

9615 

291 S 

95G6 

3082 

9513 

3247 

9453 

3412 

9400 

3 

58 

2751 

9614 

2918 

9565 

30S5 

9512 

3250 

9457 

3415 

9399 

2 

59 

27^ 

9613 

2921 

9564 

3087 

9511 

32S3 

9456 

3417 

9398 

1 

J 

1    ^ 

2756 

9613 

2924 

9563 

3090 

9S11 

5256 

9455 

3420 

9397 

O 

M 

g 

•ml 

•In 

MM 

4lA 

«d« 

*Ib 

f^ 

7< 

I* 

78° 

71° 

11- 
J 

iD 

r" 

m 

r 

m 

^ 

^ 

JJATUTtfflHHBS  AKD 

COSINES. 

™ 

^ 

^ 

p 

t 

BO^ 

Mb      •o* 

aa^ 

^~ 

»4^ 

1 

■In 

0*B 

■!■ 

MM 

am 

voa 

^^ 

o 

U20 

0397 

3584 

9336 

3746 

9272 

3907    9205 

4067 

9135 

«0 

1 

3423 

9396 

3586 

9335 

3749 

9271 

3910   9204 

4070 

9134 

59 

2 

3426 

939S 

3589 

9334 

375 1 

9270 

3913    9205 

4073 

9133 

St 

J 

342S 

9394 

3592 

9333 

3754 

9269 

3915    9202 

4075 

9132 

57 

4 

3431 

9393 

3595 

9332 

3757 

9267 

5918  9?nn 

4078 

9131 

56 

5 

3434 

9392 

3597 

9331 

3760 

92G6 

3921    9199 

40B1 

9130 

5} 

6 

3437 

9391 

3600 

9330 

3762 

926S 

3923    9198 

4083 

9128 

54 

7 

3<39 

9390 

160J. 

9328 

3765 

9264 

.3926   9197 

4066 

9127 

St 

8 

3442 

9389 

3605 

9327 

3768 

9263 

3929    9196 

4089 

9126 

SI 

9 

3445 

93SS 

3608 

937rt 

3770 

9?67 

3931    9I9S 

4091 

9125 

SI 

10 

34tS 

9387 

3611 

9325 

3773 

9261 

3934   9194 

4094 

9124 

m 

11 

3450 

93S6 

3614 

9324 

3776 

9260 

3937   9192 

4097 

9122 

m 

12 

3453 

9LI85 

3616 

9323 

3778 

9259 

3939   9191 

4099 

9121 

48 

13 

3456 

9384 

3619 

<;^22 

3781 

9258 

3942   9190 

4102 

9120 

47 

H 

3458 

9383 

3622 

9321 

3784 

9257 

3945    Oira 

4105 

9119 

46 

15 

3461 

9382 

3624 

9320 

37S6 

9255 

3947    9188 

4107 

9118 

il 

16 

3464 

9381 

3627 

9319 

3789 

^>254 

3950   9187 

4110 

9116 

+4 

17 

3467 

9380 

3630 

9318 

3792 

9253 

3953    9186 

4112 

9115 

41 

18 

3*69 

9379 

J633 

9317 

3795 

9252 

3955    9164 

41 1> 

9114 

42 

19 

3472 

9378 

363S 

9316 

3797 

92S1 

39SS    9183 

41  IS 

9113 

41 

SO 

3475 

9377 

3658 

9315 

3800 

9250 

3961    9182 

4120 

9112 

40 

21 

3478 

9376 

3«1 

9314 

3803 

9249 

3963    9181 

4123 

9110 

» 

Z2 

3480 

9375 

3frt3 

9313 

3805 

9248 

3966   9180 

4126 

9109 

38 

23 

3483 

9374 

3«46 

9312 

3808 

9247 

3969   9179 

4128 

9I0S 

37 

» 

34S6 

9373 

3649 

9311 

3811 

9245 

3971    91 7S 

4131 

9107 

36 

2S 

3488 

9372 

3651 

9309 

3S13 

92H 

3974    9176 

4134 

9106 

35 

26 

3491 

9371 

3654 

93C« 

3816 

93S43 

3977    9175 

4136 

9104 

34 

27 

3494 

9370 

3657 

9307 

3819 

9242 

3979   9174 

4139 

9103 

33 

ZS 

3497 

9369 

3660 

9306 

3821 

9241 

3982    9173 

4142 

9102 

31 

29 

3499 

9363 

3662 

9305 

3S24 

9240 

3985    9172 

4144 

9101 

31 

»0 

3502 

9367 

36fi<i 

93(H 

3S27 

9239 

3987    9171 

4147 

9100 

90 

3L 

3505 

9366 

3668 

9303 

3830 

9233 

3990    9169 

4150 

9098 

» 

32 

3506 

9365 

3670 

9302 

3S32 

9237 

3993    9168 

1152 

9097 

IB 

M 

3510 

9364 

3675 

9301 

3835 

9235 

3995    9167 

4155 

9096 

n 

34 

3513 

9363 

3676 

9300 

3838 

9234 

3998    9166 

4158 

9095 

16 

35 

3516 

9162. 

3679 

9299 

3840 

9233 

4001    916S 

4160 

9094 

25 

M 

3518 

9361 

3681 

9298 

3S43 

9232 

4003    916« 

4163 

9U»Z 

H 

37 

3521 

9360 

3684 

9297 

3S46 

V23I 

4006    9162 

4165 

9091 

13 

33 

3S24 

9359 

3637 

9296 

3S4S 

9230 

4009    9161 

4168 

9090 

n 

39 

3S27 

9358 

3689 

9295 

3851 

9229 

4011    9160 

4171 

9088 

u 

40 

3S29 

9356 

3692 

V293 

3854 

9228 

4014    9159 

4173 

9068 

» 

41 

3532 

9355 

3695 

9292 

3856 

9227 

4017    91SS 

4176 

9086 

19 

42 

3535 

9354 

3697 

9291 

3859 

9225 

4019    9157 

4ITO 

90U 

u 

4.1 

3S37 

9353 

3700 

9290 

3862 

9224 

4023    9155 

4161 

9084 

17 

+4 

3540 

9352 

3703 

9299 

W64 

9223 

4025    91S4 

4184 

9IH^ 

16 

45 

3543 

9351 

3706 

9238 

3867 

9222 

4027    9153 

4187 

9081 

IS 

46 

3546 

9350 

370S 

9287 

3870 

9221 

4030    9152 

4189 

onw 

14 

47 

3548 

9349 

3711 

9286 

3872 

9220 

4033    9151 

4192 

9079 

U 

4S 

3551 

9348 

3714 

9285 

3875 

9219 

4035    9150 

4195 

907S 

It 

49 

3554 

9347 

3716 

92S4 

3878 

9218 

4038    9148 

4197 

9on 

11 

00 

3557 

9346 

3719 

92S3 

3881 

9216 

4W1    9147 

4300 

9075 

10 

51 

3559 

9M5 

3722 

92!« 

38ai 

9215 

40t3   9146 

4202 

9074 

1 

52 

3562 

9344 

3724 

9281 

J886 

9214 

4046    9145 

4205 

9073 

53 

3565 

9343 

3727 

V279 

38S9 

9213 

4049    9144 

4308 

9072 

7 

54 

3567 

9342 

3730 

9278 

3891 

9212 

4051    9143 

4210 

9070 

6 

55 

3570 

M41 

3733 

9277 

3894 

9211 

4054    9141 

4213 

9069 

5 

S6 

3573 

9340 

3735 

9276 

.W97 

9210 

4057    9140 

4216 

9U68 

« 

57 

3S76 

9339 

3738 

9275 

mf) 

9208 

4059  9139 

4218 

9067 

3 

SS 

3578 

9338 

3741 

9274 

3902 

9207 

4062    9135 

4221 

9066 

B 

59 

3581 

9337 

3743 

9273 

3905 

9206 

4065    9137 

4224 

9064 

1 

IM> 

3584 

9336 

3746 

9272 

3907 

920S 

4067    9135 

4226 

9063 

0 

MM 

tfn 

c**       (An 

MM 

\ 

1 

1 

1 

er* 

oo- 

Of 

■f 

K- 

^1 

*A' 

rt^At 

,  htit^ 

s  ANn 

COSINES. 

^ 

fl 

35-- 

ao^ 

HV 

88^ 

2»° 

f 

(fn 

C<1* 

•In 

eo* 

At 

«0* 

On 

emt 

ilH 

M* 

o 

■    1 

4384 

89G8 

4540 

8910 

4695 

8829 

4818 

8746 

60 

1 

1 

t 

4386 

8987 

4542 

8909 

4697 

8828 

4851 

6745 

59 

2 

4JU 

'At^..l 

4389 

S-jSS 

4545 

8y07 

4700 

8827 

4853 

8743 

58 

i 

4il4 

'J05y 

4392 

S9!M 

454S 

S<J06 

4702 

8K2.i 

4SS6 

8742 

57 

4 

4237 

W58 

4394 

89S3 

4550 

8905 

4  70S 

8824 

4S58 

8741 

56 

s 

4239 

9057 

4397 

8982 

4553 

6903 

4708 

8823 

4861 

8739 

55 

l^ 

4242 

9056 

4399 

8960 

4555 

8902 

4710 

8821 

4863 

8738 

1    54 

K 

4245 

9054 

4402 

8979 

4558 

8901 

4713 

8S20 

4866 

8736 

.y 

ni 

42*7 

9053 

4405 

8978 

4561 

8899 

4715 

8819 

4868 

8735 

52 

9 

*2M 

90S2 

4407 

S976 

456.3 

ssoe 

4718 

8817 

4871 

8733 

Si 

10 

4253 

9051 

4410 

8975 

*i66 

8S97 

4720 

8816 

4874 

8732 

no 

11 

4255 

9050 

4412 

S974 

4568 

889S 

4723 

8814 

4S76 

8731 

49 

12 

42S« 

9048 

4415 

8973 

4571 

8894 

4726 

6813 

4879 

8729 

1    48 

13 

4260 

9047 

4418 

8971 

4S74 

SS93 

4728 

8812 

4881 

8728 

'    47 

14 

426] 

9046 

4420 

8970 

4576 

6892 

4731 

8810 

4884 

8726 

46 

15 

42(>6 

9045 

4423 

8969 

45  79 

£890 

4733 

8800 

4486 

8725 

45 

16 

426S 

9043 

4425 

8967 

4581 

S8S9 

4736 

8808 

4889 

8724 

44 

17 

4271 

9042 

4428 

8966 

4584 

8888 

4738 

8806 

48»1 

872Z 

43 

18 

4274 

9041 

4431 

8965 

4586 

8886 

4741 

880S 

4894 

8721 

42 

19 

4276 

9010 

4433 

8964 

4589 

8RR5 

4743 

8803 

4896 

8719 

41 

20 

4279 

9038 

4436 

Si%2 

4592 

8884 

4746 

8802 

4899 

8718 

40 

21 

42SI 

9037 

4439 

8961 

4594 

8882 

4749 

SSOl 

4901 

8716 

39 

22 

4284 

9036 

4441 

8960 

4597 

8HSI 

4751 

8799 

4904 

8715 

38 

2% 

4287 

9035 

4444 

S95S 

4599 

8879 

4754 

6798 

4907 

8714 

37 

24 

4289 

90J3 

4446 

9957 

4602 

8678 

4756 

6796 

4909 

8712 

36 

25 

4292 

9032 

*M9 

8956 

4605 

8877 

4759 

8795 

4912 

8711 

35 

26 

1     4295 

9031 

44  S  2 

8955 

4607 

887.5 

4761 

8794 

4914 

8709 

34 

27 

4297 

9Oi0 

44  S4 

S953 

4610 

8874 

4764 

8792 

4917 

8708 

33 

28 

4300 

was 

44S7 

8952 

4612 

8873 

4766 

8791 

4919 

8706 

32 

29 

4302 

9027 

4459 

8951 

4615 

8871 

47W 

8790 

4922 

8705 

31 

30 

4J05 

9026 

4462 

8919 

4617 

8870 

4772 

8788 

4924 

8704 

so 

31 

4105 

9025 

4465 

8948 

4620 

88W 

4774 

8787 

4927 

8702 

29 

32 

+JIO 

9023 

4467 

8947 

4623 

6867 

4777 

8785 

4929 

smi 

28 

33 

4JU 

9022 

44  TO 

S<M5 

4625 

8866 

4779 

8784 

4932 

8fi99 

27 

34 

4316 

9021 

4472 

8944 

4628 

WW"! 

4782 

S7S3 

4934 

SMS 

26 

35 

4318 

9020 

4475 

8943 

4630 

8863 

4784 

8781 

4937 

8M6 

25 

36 

4321 

9018 

4478 

8942 

4633 

R862 

4787 

8780 

4939 

BG95 

24 

37 

4323 

W17 

4480 

8940 

4636 

8861 

4769 

8778 

4942 

869« 

23 

38 

4326 

9016 

4483 

8939 

4638 

8854 

4792 

8777 

4944 

8602 

22 

99 

4.129 

9015 

4485 

8938 

4641 

8S.58 

4795 

8776 

4947 

8691 

21 

40 

4331 

9013 

4488 

8936 

4643 

8857 

4797 

8774 

4950 

8689 

ao 

41 

4334 

9012 

4491 

893S 

4646 

8855 

4800 

8773 

4952 

8688 

19 

42 

4337 

9011 

44913 

S934 

4648 

8654 

4802 

8771 

4955 

8SB6 

16 

43 

4339 

9010 

4496 

9932 

4651 

8853 

4805 

8770 

4957 

flr>B5 

17 

M 

4342 

900S 

4498 

8931 

4654 

8851 

4807 

8769 

4960 

868] 

16 

45 

4344 

9007 

4501 

8930 

4656 

8850 

4BI0 

8767 

4962 

8662 

IS 

46 

43+7 

9006 

4S04 

8928 

46.W 

8649 

4612 

8766 

4965 

868t 

14 

47 

4350 

9004 

4506 

8927 

4661 

8847 

4815 

8764 

4967 

8679 

13 

48 

4352 

9U03 

4509 

8926 

4664 

8846 

4818 

8763 

4970 

8i'.78 

12 

49 

4355 

9002 

4511 

8925 

4666 

8844 

4820 

8762 

4972 

8676 

11 

SO 

4358 

9C»1 

45 14 

S923 

4669 

8843 

4823 

8760 

4975 

8675 

lO 

51 

4.360 

8999 

4SI7 

S9Z2 

4672 

8842 

482S 

8759 

4977 

8673 

9 

52 

4363 

bW8 

4519 

8921 

4674 

8840 

4828 

S7S7 

4980 

867Z 

8 

S3 

4365 

9997 

4523 

8919 

4677 

8839 

4830 

8756 

4982 

8670 

7 

5* 

4368 

8996 

4524 

8918 

4679 

6838 

4&U 

8755 

4965 

8669 

6 

S5 

4371 

8994 

4527 

8917 

4682 

8836 

4835 

S75S 

4987 

8668 

5 

56 

4373 

W93 

4530 

8915 

46S4 

S6J5 

4S38 

S752 

49"* 

8666 

4 

57 

43T6 

8992 

4533 

891* 

46S7 

8834 

4840 

8750 

4992 

»66S 

3 

$8 

4378 

8990 

4535 

8913 

4(»0 

HR32 

4843 

B749 

4995 

Bf6I 

2 

59 

438) 

89BW 

4537 

8911 

4«2 

8831 

4846 

8748 

4997 

6662 

1 

eo 

4384 

aoftft 

4540 

8910 

4695 

8829 

4S48 

8746 

5000 

8660 

0 

04° 

63" 

MM       •In 

ear 

colt          sin 

c«*       sin 

/ 

■■T^ 

s 

if 

34=  'f 

K    ISO      M 

9t   ^       Si 

m  mm  i  it 

H   MM   I  SI 

■»  mt9     a 

U    MB7       » 
l«    KM       il 


8164 


89 

5075 

mu 

S22S 

asK 

P73 

8434 

5SI0 

S»» 

n 

sen 

9Ui 

szn 

ass 

53JS 

8432 

sszt 

8337 

n 

fon 

ma 

ioo 

8SZ1 

SS3S 

8U1 

5SM 

tx» 

n 

son 

ttU 

sat 

SSZI 

S380 

8429 

S927 

S3S4 

M 

SOBS 

•6M 

SZ35 

8510 

SJ83 

8428 

5529 

tC\\3 

K 

MM 

•W9 

5237 

8S19 

53tS 

8426 

5531 

8331 

W 

S090 

•fi07 

52« 

»SI7 

S388 

8425 

5534 

KU9 

it 

SOQS 

SMK 

5242 

&516 

5390 

8423 

5536 

sus 

J* 

9095 

SGM 

5245 

S5I4 

5399 

8UI 

5539 

8326 

>» 

SOM 

•601 

5247 

SSU 

SMS 

8UD 

5541 

8SM 

40 

1100 

8601 

5250 

8511 

S398 

84U 

5544 

sm 

41 

5108 

S600 

5252 

8SI0 

5400 

8417 

5546 

8321 

*t 

5I« 

t»9 

5255 

8508 

S402 

8415 

5548 

8320 

4J 

510S 

BMT 

5253 

8807 

s*o« 

S414 

S5SI 

8318 

*• 

IIIO 

»$96 

5260 

8805 

5407 

S411 

5553 

831« 

4S 

5113 

«»4 

5262 

8S04 

5410 

St  10 

5556 

8315 

M 

9115 

U9i 

5265 

S50i 

5412 

8409 

9558 

asu 

47 

sm 

SI91 

5267 

S500 

5415 

»«7 

5561 

8311 

4« 

9iao 

SS90 

52TO 

8499 

5417 

8406 

5563 

8310 

49 

91Z3 

sssa 

5272 

8497 

5420 

8*04 

5565 

8WS 

BO 

SIM 

»5ST 

5275 

8496 

5422 

8M3 

5S6S 

8307 

Jl 

8128 

B58S 

5277 

8494 

9424 

8401 

5570 

8305 

52 

suo 

8SW 

5279 

8493 

5427 

8)99 

3573 

8103 

i3 

5W3 

S5K 

5282 

8491 

5429 

8)98 

5575 

&J02 

H 

SI3S 

»$»1 

5284 

8490 

5432 

8)96 

5577 

S300 

)S 

9138 

8S79 

5267 

8488 

5434 

8395 

SS80 

8299 

S6 

3140 

SS7ft 

5289 

8487 

5437 

8393 

5382 

8297 

S7 

5143 

8S7A 

5292 

8485 

5439 

8391 

5585 

8295 

S« 

5HS 

SS7f 

5294 

8484 

5442 

8390 

5587 

8294 

59 

5148 

8sn 

5297 

84S2 

5444 

8388 

5590 

8292 

«o 

SIM) 

(K7I 

5299 

8480 

5446 

S3S7 

5592 

8290 

MM 

•In 

im* 

■la 

•«• 

■In 

•ta 

y  , 

fW 

av 

n7» 

tP 

8Z3S 

aui 

8810 

azxa 

82tt 

ans 


5300 
5302 

5705 
5707 
5710 

5712 
5714 
5717 
5719 
5721 


8200 
8198 
8197 
8195 
8193 

8192 


aa- 


^ 

^ 

^ 

m 

!■ 

Wk 

n&» 

cosrsES. 

■ 

■^ 

1 

t 

3C^ 

•in    r<>* 

37^ 

kin    MM 

38-^ 

39° 

■In   flo« 

1 

1 

Ha 

OS* 

o 

S736 

Sl« 

587S 

fioyo 

6UtS 

7966 

61 57 

7880 

6293 

77/1 

VO 

1 

5T3S 

SIW 

ssso 

80S8 

6020 

7985 

6159 

7878 

629S 

7770 

59 

2 

5741 

8188 

5S53 

80S7 

6021 

7983 

6161 

7877 

6296 

7768 

58 

i 

5743 

S187 

5885 

8085 

6025 

7981 

6163 

7875 

6300 

7706 

57 

■4 

5745 

SISS 

58$7 

8083 

6«7 

7979 

6166 

7873 

6102 

7764 

56 

i 

5T« 

8183 

5890 

8082 

6030 

7978 

6168 

7871 

6305 

7763 

55 

6 

5750 

8181 

SS92 

80S0 

6032 

7976 

6170 

7869 

6307 

7760 

54 

7 

5752 

8180 

SSM 

8078 

6034 

7974 

6173 

7868 

6309 

7759 

53 

8 

S7SS 

6178 

Sft»7 

8076 

6037 

7972 

6175 

7866 

6311 

7757 

52 

9 

S7S7 

8176 

589'^ 

8075 

6UJ9 

7971 

6177 

7864 

6314 

7755 

51 

10 

5760 

8175 

5901 

8073 

6041 

7969 

6180 

7862 

6316 

7753 

SO 

11 

5762 

8173 

5904 

8071 

6W4 

7967 

6182 

7860 

6316 

7751 

49 

12 

57M 

8171 

5906 

8070 

6CH6 

7965 

6184 

7859 

6320 

7749 

48 

U 

5767 

8170 

5908 

8068 

6048 

7964 

61 S6 

7857 

6323 

7748 

47 

14 

5760 

8168 

5911 

8066 

6051 

7962 

61 89 

7855 

6325 

7746 

46 

IS 

5771 

S16C> 

5913 

KM 

6053 

7960 

6191 

7853 

6327 

7744 

45 

16 

5774 

81fiS 

5915 

6063 

6055 

795S 

6)93 

78S1 

6329 

7742 

44 

17 

5776 

8163 

5918 

8061 

6058 

7956 

61% 

7850 

6332 

7740 

43 

18 

5779 

8161 

5920 

80TO 

6060 

7955 

6198 

7848 

6)34 

7738 

42 

1» 

57S1 

8160 

5922 

8058 

6062 

TO53 

6200 

7846 

6336 

7737 

41 

80 

S7S3 

6158 

S92S 

8056 

6065 

7951 

6202 

78M 

633S 

7735 

40 

£1 

5786 

8156 

5927 

8054 

6067 

7950 

6205 

7842 

6341 

7733 

39 

22 

5788 

8155 

5930 

8052 

6069 

7948 

6207 

7B41 

6343 

77J1 

38 

23 

5790 

B153 

59J2 

8051 

6071 

7946 

6209 

7839 

6345 

7729 

37 

24 

S7W 

B15I 

5934 

8049 

6074 

7944 

6211 

7837 

6347 

7727 

36 

2S 

5J95 

8150 

5937 

8047 

6076 

7942 

6214 

7835 

6350 

7725 

35 

26 

5798 

8148 

5939 

8045 

6078 

7941 

6216 

7833 

6352 

7724 

34 

27 

saoo 

ei4« 

5941 

80H 

6081 

7939 

621S 

7832 

6354 

7722 

33 

^ 

5802 

814. ■; 

5944 

6042 

6081 

7937 

622) 

7830 

6356 

7720 

32 

B9 

5805 

8143 

S946 

8040 

6085 

7*^35 

6223 

7828 

6359 

7718 

31 

80 

MfW 

S141 

594S 

8039 

6088 

7934 

6225 

7826 

6361 

7716 

SO 

31 

WW 

81.» 

S9il 

8037 

6090 

7932 

6227 

7824 

6363 

7714 

29 

32 

S812 

8138 

S953 

8035 

fi092 

7930 

6230 

7822 

6365 

7713 

28 

33 

5814 

8136 

5955 

vtm 

eo-js 

7928 

6232 

7821 

6368 

7711 

27 

M 

58)6 

8134 

5958 

8032 

6097 

7926 

6234 

7819 

6370 

7709 

26 

35 

S819 

8133 

.s960 

8030 

6099 

7925 

6237 

7817 

6372 

7707 

25 

36 

5821 

8131 

S962 

H028 

6101 

7923 

6239 

7815 

6374 

7701 

24 

37 

5824 

8129 

5965 

8026 

6104 

7921 

6241 

7813 

6376 

7703 

23 

38 

5826 

8128 

5967 

8025 

6106 

7919 

6243 

7812 

6379 

7701 

22 

39 

SRSt 

8126 

5967 

6023 

6108 

7918 

6246 

7810 

6381 

7700 

Z) 

«o 

5831 

8124 

5972 

8021 

6111 

7916 

6248 

7808 

6IS3 

7698 

ao 

41 

5833 

8123 

S974 

S020 

6113 

7914 

6250 

7806 

638; 

7696 

19 

42 

SS35 

6121 

Sy76 

8018 

611 .( 

7912 

6252 

7804 

C38S 

7694 

18 

43 

5818 

8119 

5979 

8016 

6118 

7910 

6255 

7802 

63» 

7692 

17 

44 

ss«o 

8117 

S9SI 

8014 

6120 

7909 

6257 

7801 

6392 

7690 

16 

45 

5842 

6116 

59S3 

8013 

6122 

7907 

6259 

7799 

6394 

7688 

IS 

46 

5845 

8114 

5986 

8011 

6124 

7905 

6262 

7797 

6397 

7687 

14. 

47 

5847 

8112 

S98S 

8009 

6127 

7903 

6264 

7795 

6399 

7685 

13 

48 

5850 

8111 

S'WO 

WXJ7 

6129 

7902 

6266 

7793 

6401 

7683 

12 

49 

5852 

8109 

S993 

8006 

6131 

7900 

6268 

7792 

6403 

7681 

11 

oo 

5854 

8107 

S99S 

80(M 

6134 

7898 

6271 

7790 

6406 

7679 

10 

51 

5857 

6106 

5W7 

8002 

6136 

7696 

6273 

7783 

6408 

7677 

9 

52 

5859 

8104 

6000 

8000 

6138 

7894 

6275 

7786 

6410 

7675 

8 

S3 

5861 

8102 

6002 

7999 

6141 

7893 

6277 

7784 

6412 

7674 

7 

$4 

.(864 

8100 

6004 

7997 

6143 

7891 

6280 

7782 

6414 

7672 

6 

T« 

5866 

SOW 

6007 

7995 

6145 

7889 

6Z82 

7781 

G417 

7670 

5 

Wsi 

5868 

8097 

6009 

7993 

6147 

7887 

6284 

7779 

6419 

7fi6a 

4 

5871 

8095 

6011 

7992 

6150 

7SS5 

6286 

7777 

6421 

7666 

3 

58 

5873 

SCJi 

6014 

7990 

6152 

7884 

62S9 

7775 

6423 

7664 

a 

59 

5875 

8092 

6016 

7988 

6154 

7S82 

6291 

7773 

6426 

7662 

I 

«0 

587S 

8090 

6018 

79R6 

6157 

7S80 

6293 

7771 

64  2S 

7660 

0 

«H 

kin 

«A« 

■In 

Ml> 

■■■ 

m» 

*l> 

eoa 

■In 

A 

1 

JM^ 

5»= 

^2" 

51" 

W 

<^" 

■A  1 

J 

m 

^ 

IP 

^ 

^ 

Pi 

iB 

^XES    AXU 

COST 

^^ 

^ 

^ 

m 

f 

44^^ 
■■■       em 

41^^ 

42'^ 

4» 

44 

^1 

•tn 

•M 

mm 

eoa 

■tM 

MM 

■ta 

C«B 

o 

6*2S 

7660 

6(6t 

7547 

6691 

7431 

6820 

7314 

6M7 

7193 

a« 

1 

6430 

7659 

6563 

7545 

6695 

7430 

6322 

7313 

6M9 

7191 

59 

2 

6432 

765T 

6565 

7543 

6696 

7428 

6324 

7310 

6951 

7189 

ss 

3 

6435 

7655 

6567 

7541 

6MS 

7426 

6S26 

7308 

6951 

7IS7 

57 

+ 

6437 

7653 

6569 

7539 

6700 

7424 

68J8 

7306 

6955 

7185 

56 

5 

6439 

7651 

6572 

7S38 

6702 

7422 

6831 

7304 

6957 

7183 

55 

« 

6441 

7649 

6S74 

7S% 

67m 

7420 

6833 

7302 

6959 

71S1 

54 

7 

6H3 

7647 

6576 

7534 

6706 

7418 

6835 

7300 

6961 

7179 

53 

S 

6146 

7645 

6578 

7532 

6709 

7416 

6837 

7298 

6963 

7177 

52 

9 

6HS 

7644 

6580 

7530 

6711 

7414 

6839 

7296 

6965 

7175 

51        , 

10 

6450 

7642 

6583 

7528 

6713 

7412 

6841 

7291 

6967 

7173 

50 

11 

6452 

7640 

6585 

7526 

6715 

7410 

6843 

7292 

6970 

7171 

49 

12 

645.S 

7638 

6587 

7521 

6717 

7408 

6S45 

7290 

6972 

7169 

48 

13 

6457 

7636 

6589 

7522 

6719 

7406 

684S 

7288 

6974 

7 167 

47 

14 

6459 

7(U4 

6591 

7520 

67Z2 

7404 

6350 

7286 

6976 

7165 

46 

IS 

6(61 

7632 

6593 

7518 

6724 

7402 

6852 

7284 

6978 

7163 

45 

16 

6463 

7630 

6596 

7516 

6726 

7400 

6854 

7282 

mo 

716] 

« 

17 

6466 

7629 

6596 

7515 

6728 

7398 

6856 

7280 

6962 

7159 

43 

18 

6468 

7627 

6600 

7513 

6750 

7396 

6858 

7278 

69»4 

7157 

42 

19 

6470 

7625 

6602 

7511 

6732 

7394 

6860 

7276 

6986 

7155 

41 

fiO 

6472 

7623 

6604 

7509 

6734 

7392 

6862 

7274 

6968 

7153 

40 

21 

6475 

7621 

6607 

7507 

6737 

7390 

6865 

7272 

6990 

7151 

39 

22 

6477 

7619 

6609 

750S 

6739 

7388 

6867 

7270 

6992 

7149 

38 

23 

6479 

7617 

6611 

7503 

6741 

73S7 

6869 

7268 

6W5 

7147 

3- 

24 

6481 

7635 

6615 

7501 

6743 

7385 

6871 

7266 

6997 

7145 

36 

25 

6483 

7613 

661S 

7499 

6745 

7385 

6873 

7264 

■QOOU 

Vrfr 

7143 

35 

26 

&4S6 

7612 

6617 

7497 

6747 

7381 

6875 

7262 

TOOl 

7141 

34 

27 

6483 

7610 

6620 

7495 

6749 

7379 

68n 

7260 

7003 

7139 

31 

28 

6490 

7608 

6622 

74M 

6752 

7377 

6879 

7258 

ws 

7137 

31 

29 

6492 

7606 

6624 

7491 

6754 

7375 

6881 

7256 

7007 

7135 

31 

90 

6494 

7604 

6626 

7490 

6756 

7373 

6884 

7254 

7009 

7133 

aa 

31 

0497 

T602 

6628 

74S8 

67  5S 

7371 

6386 

7252 

7011 

7130 

»     , 

32 

6499 

7600 

6631 

7486 

6760 

7369 

6888 

7250 

7013 

7128 

2S 

33 

6501 

7598 

A(VU 

7484 

6762 

7367 

6890 

7248 

701$ 

7126 

» 

» 

6503 

7596 

6635 

7482 

6764 

7365 

6892 

7246 

7017 

7124 

16       1 

35 

6506 

7595 

6637 

7480 

6767 

7363 

6S94 

7244 

7019 

7123 

25 

36 

6508 

7593 

66J9 

7478 

6769 

7361 

6896 

7242 

70(22 

7120 

24 

37 

6S10 

7591 

6641 

7476 

6771 

7359 

639S 

7240 

7024 

7118 

23 

38 

6512 

7589 

6644 

7474 

6773 

7357 

6900 

7?W 

7026 

7116 

n 

39 

6S14 

7587 

6646 

7472 

6775 

735S 

6903 

7236 

7028 

7114 

11 

40 

6517 

7585 

6648 

7470 

6777 

7353 

6005 

7234 

TOW 

7112 

90 

41 

6519 

7583 

6650 

7468 

6779 

7351 

6007 

7232 

7032 

7110 

19 

42 

6521 

7581 

6652 

7466 

6782 

7349 

6909 

7230 

7034 

7108 

» 

43 

652.1 

7579 

6654 

7464 

6784 

7347 

6911 

7228 

7036 

7106 

IT 

44 

6525 

7578 

6657 

7463 

6786 

7345 

6913 

7226 

TOW 

7104 

16 

45 

6528 

7576 

6659 

7461 

6788 

7343 

6915 

7224 

7040 

7102 

15 

46 

6530 

7574 

6661 

7459 

6790 

7341 

6917 

7222 

7042 

7100 

14 

47 

6SJ2 

7572 

6663 

7457 

6792 

7339 

l»19 

7220 

704+ 

7098 

13 

48 

6534 

7570 

6665 

7455 

6794 

7337 

6921 

7218 

7D46 

7096 

U 

49 

6,546 

7568 

6667 

7453 

6797 

7335 

6924 

7216 

7048 

7094 

II 

00 

MV) 

7566 

6670 

7451 

67V9 

7333 

6926 

7214 

T050 

7092 

10 

51 

6541 

7564 

6672 

7449 

6801 

7331 

6928 

72)2 

7053 

7090 

9 

S2 

6543 

7562 

6674 

7447 

6803 

7329 

W30 

7210 

7055 

7098 

8 

53 

6545 

7560 

6676 

7445 

6805 

7327 

6932 

7208 

7057 

TOSS 

I 

54 

6547 

7559 

6678 

7443 

6807 

7325 

e»4 

7206 

7059 

708.1 

6 

55 

6550 

7557 

6680 

7+41 

6809 

7323 

6936 

7203 

7061 

7061 

S 

56 

6552 

7553 

6681 

7439 

6311 

7321 

6933 

7201 

706.1 

7079 

1 

57 

6551 

7553 

6681 

7437 

6814 

7319 

6940 

7199 

7065 

7077 

I 

5S 

6556 

7551 

66S7 

7435 

6816 

7318 

6942 

7197 

7067 

707S 

1 

59 

6558 

7549 

(W» 

7433 

6818 

7316 

6014 

7195 

7069 

7073 

t 

no 

6561 

7547 

6691 

7431 

6820 

7314 

6947 

7193 

7071 

7071 

0 

MM 

•In 

pma 

■Id 

MM 

■iB 

NM 

■!■ 

MB 

■u 

^ 

t 

44 
■1 

9- 

4«~ 

470 

40'' 

4H^ 

_J 

■i 

■ 

r" 

^ 

■ 

■ 

■. 

M 

pi 

icn 

f^mTBaAi 

iffl 

pnffR 

ffl! 

Hffi^ 

1 

' 

0" 

I 

»' 

3^ 

*^ 

* 

1^ 

WH 

IMI            Mrt 

un 

(nM 

Uui         eat 

IKD 

«al 

o 

firNK> 

Infinite 

0175   57.2900 

0349 

28.6363 

0524    I9J0811 

06«9 

14J007 

no 

I 

0003 

3437,15 

0177   56.3506 

(U52 

28.3994 

0527    189755 

0702 

142111 

59 

2 

0006 

1718.87 

0180  .55.4415 

0155 

28.1664 

0530    1S.S711 

0705 

14.1821 

58 

3    jOOW 

114S.92 

01S3  54.5613 

0358 

27.9372 

0533    1S,767S 

0708 

14.1235 

57 

♦     0012 

859.436 

0186  S3.70RA 

0361 

27.7117 

0536   IS 6656 

0711 

14.0655 

56 

M 

s  'oois 

687.549 

01 89  52.8821 

0364 

27  4899 

0539    18-5645 

0714 

14.0079 

55 

■ 

6    |00I7 

572-95- 

0192   52i:ig07 

0167 

27.2715 

0542    18.4645 

0717 

13,9507 

54 

■ 

7 

0020 

491.106 

OI'JS   >iMM 

aiTO 

27.0566 

0544   18J6S5 

0720 

13.89*0 

53 

■ 

8 

OTRI 

429,718 

019.t   50,5485 

0373 

?-6,84S0 

0)47    15.2677 

0723 

1.3.8378 

52 

■ 

1  ' 

0026  381.971 

0201    498157 

0375 

26,6367 

0550   18.1 70S 

0726 

13.7821 

51 

■ 

Hio 

0029 

343.774 

02(H   4910-W 

0378 

26,4316 

0553    18.0750 

0729 

13.7267   60 

■ 

11  ^' 

onu 

312.521 

0207   4S-4121 

03S1 

26,2296 

0556    I7.9S02 

0731 

13.67191  49 

■ 

U  ^ 

003S 

286.478 

0209  47-;.i95 

0184 

26.0.307 

0559   !7  886i 

07.34 

13.6174     43 

^ 
^ 

1  13 

00J8  264.441 

0212  47,0853 

0387 

25,8348 

0562    17  7934 

0737 

13.5634     +7 

1  u 

0011 

245.552 

0215   464499 

0390 

25.6418 

0565    17.7015 

0740 

13.5096  1  46 

I  l' 

00*4  229182 

02IS  45,!«W 

aw 

25,4517 

0568   17*106 

0743 

13.4.566'  45 

H  16 

0047 

214.858 

0221    45  22r>l 

0396 

25,2644 

0571    17-5205 

0746 

13.4039,  44 

in  1^ 

0OI9 

202.219 

0224   4*  iyS6 

0399 

25  0798 

0574    17.4314 

0749 

13..3515'  43 

' 

II  m  loa^z 

I90i9&t 

OUT   4+0f/)l 

0402 

24,8978 

0577    17,3432 

0752 

13-2996  ;  42 

1 

U  19   ooss 

1U).932 

0230  43  5081 

CMOS 

24.7185 

OS80    17,2558 

0755 

13.2480     41 

I 

1  90  now 

171.8^ 

0233   42-9M1 

«07 

24.5118 

0582    17.1693 

0758 

13.1969!  40 

21   lOCV^l 

163.700 

023fi  42,4335 

0410 

24.3675 

0SS5    171)837 

0761 

13.1461  •  39 

1 

22  lOOM 

15^259 

0239  41,9158 

0413 

24.1957 

0588    16-9990 

0764 

13.0958 

38 

■1 

if     0067 

149.465 

0241   41,4106 

(Ml« 

24.0263 

0591    16.9150 

0767 

13.0458 

37 

1 

24     0070 

143.237 

024+   40.9174 

041V 

23.8593 

0594    16,8319 

0769 

12.9962 

36 

j 

i?     0(t73 

137..507 

0247  +0,4355 

<HZ2 

23,6945 

0.597    16,7496 

0772 

12-9469 

35 

1 

26     0076 

132J19 

0250  39.9655 

Ot2S 

23.5321 

0600    16,6681 

0775 

I2S981 

34 

' 

27  ,0079 

127-321 

OZa  39.S0S9 

0428 

233718 

0603   16.5874 

0778 

12-8496 

33 

28 

0081 

122774 

0256  39,0568 

0(31 

23.2137 

0606   16.5075 

0781 

128014 

32 

29 

0084 

11&540 

0^59  38.6177 

0434 

23.0577 

0609    16.4283 

0784 

12.7536     31 

30'(XIS7 

114.589 

0262   38.1885 

0+37 

22.9038 

0612    16J409 

0787 

12.7062    :W 

,    ^1 

<xm 

110^2 

0265  37.7686 

0440 

22.7519 

0615    16.2722 

0790 

12  6,591     29 

1 

1    32 

am 

107.426 

0268  37.3.579 

Ot42 

22.6020 

0617    16.1952 

0793 

12.6124  1  28 

■ 

1    33 

am 

104.171 

0271   36.9560 

(M45 

22.4,M1 

0620   16.1190 

0796 

12,5660     27 

■ 

34 

oo-jy 

101.107 

0274  36.5627 

0448 

22..108I 

0623    16.0435 

0799 

12.5199     26 

■ 

35     0102 

98.2179 

0276  36,1776 

04SI 

22.1640 

0626    15,9687 

0SO2 

12-4742 

25 

■ 

36  1 0103 

95.4S95 

0279  35.H006 

0454 

22.0217 

062'>    15.8945 

0S05 

12.4288 

24 

37     0106 

92.9065 

OWH  35.4313 

CWS7 

21.8813 

0632   15.8211 

0808 

I2J838 

23 

3S    0111 

90.4633 

0285   .35.0695 

0460 

21.7426 

0635    15.7483 

0810 

12.3390 

22 

39    0113 

S8.1436 

026S  34.7151 

0463 

21.6056 

063S    15.6762 

0813 

125946     21 

40  0116 

85.9393 

0291   34J678 

0466 

21.4704 

0641    15.6048 

US16 

12  2505    BO 

41     0119 

83.8435 

029*  J4.0273 

0*A'> 

21-l.l6fJ 

0(H4    15.-5340 

0819 

12.2067 

19 

42     0122 

8I.»470 

0297   33.6935 

0472 

21,2049 

0647    154638 

0822 

12.1632 

18 

43     0125 

79.9434 

0300  33.3662 

0475 

21.0747 

0650   15,3943 

0825 

12  12011   17 

44     0128 

78.1263 

0303   330452 

0477 

20,9460 

0653    I5J254 

0S28 

12.8772 

16 

45     0131 

763900 

0306  32.7303 

(M80 

20.SIBS 

0655    1.5.2571 

0S31 

12  0346 

IS 

46    0134 

74.7292 

0.108  .32.4213 

0483 

20A932 

0658   15.1B93 

08.V4 

11.9923 

14 

47     0137 

73.1390 

0311    32  1181 

0486 

20.5691 

0661    151222 

OS37 

11.950f 

13 

48     0140 

71.6151 

0314   3IS20S 

0469  20.4465 

0664    15.0557 

0840 

11.9037 

12 

49     0143 

70.1533 

0317   31.5234 

0492 

20J253 

0667   14.989S 

OS43 

11,8673     11 

AO   014f> 

68.7501 

0320  31.2416 

0495 

20-2056 

0670   14.9244 

0S46 

11,K263 

10 

51     0148 

67.4019 

032.1   .30,9,^99 

Of9S 

20.0872 

0673    14,8.5<i6 

0849 

11.7853 

9 

j 

52     0151 

66.ia55 

0326  .10IW33 

0501 

19.9702 

0676   14,7954 

0651 

11.7448 

8 

53  luiH 

64.8580 

0339  30,4116 

0504 

19,8546 

0679    14  7317 

0S54 

11.7045 

7 

1 

54     U157 

63.6567 

0332   30.1446 

0507 

19,7403 

06S2    1466S5 

OS57 

11.66*5 

6 

5S     0160 

62.4992 

Q33S   2'J.8S23 

0509 

196273 

0685    14,6059 

0860 

11.6248 

5 

56     01« 

6US29 

M3S  29.6245 

OS!  2 

19.5156 

068S    14  .-5438 

0663 

11.5853 

4 

57     016fi 

«0-S)58 

0340  29.3711 

0515 

19.40S1 

0690    14,4823 

0866 

11.5461 

3 

SS     0169 

59.2659 

0M3   291220 

0518 

19  2959 

0693    14.4212 

0S69 

11.5072 

2 

59  ,  0172 

58.2612 

0346  28S771 

0521 

19.1879 

0W6  14.3607 

0872 

11.4685 

1 

_J 

eo 

0175 

57.2900 

0349  286363 

0524 

19.0811 

0699   14.3007 

0875 

11,4301 

0 

m 

. — 

CM         ten 

88' 

rot 

tan 

87'- 

out          tan 

c*rt 
5 

tan 

_^^H 

«o 

*?.^       "^^ 

\J 

J 

m 

■ 

r  fl* 

^^ 

Ml 

m 

B^ffi 

\  AXD 

COTAKCeHl 

^ 

^^ 

t 

R- 

« 

T^ 

» 

l^ 

Ima 

«*t 

Ub 

Mt 

iMi 

•M 

Ub        (*« 

MB 

•lal 

- 
1 

0 

(«75 

114301 

1051 

95144 

122S 

8.1443 

1405   7-1154 

1564 

CxJI3S    00 

1 

(W7« 

113919 

1054 

94878 

1231 

8.1248 

1408   7-10(M 

I5S7 

6J019     59 

2 

oesi 

113M0 

1057 

94614 

1234 

SI054 

1411    70855 

1590 

6jyui    5» 

3 

(HM 

113163 

1U6U 

9,4352 

l^T 

S,0S60 

1414   7.0706 

1S93 

627SI    n 

4 

0687 

11^789 

106) 

9.4090 

1240 

H-0667 

1417   7SXSS& 

1596 

6J666|  56     ' 

5 

0690 

112417 

1066 

9.3331 

1243 

8.0t76 

1420  7.0110 

ISW 

6.JM9    55 

6 

0W2 

11.2048 

1069 

93S72 

1246  8JU85 

1423  ;J0(e64 

1602 

6J432!  54 

7 

o»s 

11.1681 

1072 

93315 

1249 

S.0U95 

1426  7.0117 

1605 

6,2516,  53 

S 

0B98 

11  I3I6 

1075 

9.3060 

1251 

7.9906 

1429  6.9972 

IfiOS 

€JVf\-  \l 

9 

0901 

1 1  0954 

1078 

9^2806 

1254 

7.9718 

1432  6-9827 

1611 

6.20BS     51 

10 

0«M 

11,0594 

lono 

9.2SS3 

1257 

7.9530 

1435  6.9tf2 

1614 

6.1970  !m 

11 

O-^T 

11,0237 

1083 

92302 

\jm 

7.9344 

1438  6.9539 

1617 

6.1856 

49 

12 

0910 

iy,9S8Z 

1086 

9.aOS2 

1263 

79158 

1441   6.9J95 

1620 

6.1742 

4( 

U 

0913 

109529 

1089 

9.1803 

1266 

7^73 

1444  6-9252 

1623 

6-162S 

*' 

14 

0916 

10,9178 

1092 

9.1 5SS 

1269 

7ST89 

1447   6.9110 

1626 

6.1.51f 

** 

15 

0919 

10^829 

1095  9.1309 

1272 

7.8606 

1450  6-8969 

1629 

6 1402 'is 

16  10922 

lO-MSS 

1096 

9.1065 

1275 

7.8424 

1453  6-8628 

1632 

6.1290    44 

17  \<m!> 

10,8139 

1101 

9.0621 

I27S 

7J»3 

14.S6  68687 

1&I5 

6-1178     11 

IS  lows 

10.7797 

1104 

9.0579 

12S1 

7.8062 

14.19  6.8549 

I63S 

6.1066    4  J       , 

19    0931 

10.7457 

1107 

9.0338 

]2»4 

7.78SJ 

1462  6.S40K 

1641 

6.0955     41 

90   09M 

10.7119 

1110 

9-0096 

12S7 

7.770* 

1465  68269 

1644 

6.0ft*4|40 

21     09J6 

10-6783 

1113 

8.9660 

1290 

7-7525 

1466  6.81 31 

1647 

6.0734     » 

22     WJ9 

10,6450 

1116 

S.9AM 

129-1 

7  7-348 

1471   6.7994 

16.50 

6.0624    38 

23     0W2 

10.6118 

1119 

8.9367 

129(^1 

7.7171 

1474   6.7856 

1653 

6.0514     37       1 

2«     0W5 

105799 

1122 

S.9152 

1299 

7.6W6 

1477  6.7720 

1655 

6.0*05    36 

2S     (l»« 

10.5462 

1125 

8,8919 

1302 

7.6821 

1480  675»4 

1658 

6.0Z96    15 

26    OMI 

10.5136 

I12S 

8.*V*1 

UOS 

7.G647 

1483   6.7448 

1661 

6.018;S    14 

27     095* 

10,4813 

1131 

8.8455 

130B 

7AI73 

1486  6.73  U 

1664 

6.oa«o   3J 

28  lOW? 

104491 

1134 

8.8225 

1311 

7-6M1 

1499  6.7179 

1667 

S.99r2    U       1 

29 

0960 

10.4172 

1136 

8.7996 

1314 

7.6129 

1492  6.70(5 

1670 

5.9S65     31       ) 

»0 

0963 

10JB54 

1139 

8.77« 

U17 

7-5958 

1495  6-6912 

1673 

5.9758   aO 

31 

0966 

10,3538 

1142 

8-7S42 

1319 

7.S787 

1497  6.6779 

1676 

5-9611     B 

32 

0*« 

10,3224 

1145 

8  7317 

1322 

7-561S 

1500  6*M6 

1679 

5.9545     2S 

33 

0972 

10,2913 

114^1 

87093 

1325 

7J449 

1S03  6.6514 

1682 

5.9*39    n 

31 

(rm 

10,2602 

1151 

8.6870 

1328 

7J2SI 

1506  6.6383 

16K5 

5.9333    26 

35     097S 

10.2294 

IIS4 

»664S 

1331 

7-5113 

1.109  6-6252 

16SS 

5.9228    25 

m  owi 

10.1988 

1157 

S.6427 

U34 

74947 

1512  66122 

1691 

5-9)2*  ,  2* 

37     0983 

101683 

1160 

Mom 

1337 

■4781 

1515  6.5992 

!«M 

5,9019    23 

3S    0986 

101381 

1163 

8.5989 

1340 

7-4615 

1518  6-5863 

1697 

5.8915    21 

39    VW9 

10.1080 

1166 

S.5772 

1343 

7-4451 

1521   6-5734 

1700 

5.9S1I     21 

40  0992 

10«780 

1169 

8..«!5SS 

1346 

7.4287 

1524  6.5606 

1703 

5.8708  SO 

41 

099S 

104)483 

1172 

8.1340 

1349 

7.4124 

1527  frS478 

1706 

5.8605    19 

42 

0998 

10.0187 

1175 

8-5126 

1352 

7J962 

1530  6.5350 

1709 

5J;S02     IS 

43     1001 

9.9993 

1178 

8.4913 

13S5 

7-38UU 

1.533  6-5223 

1712 

5.S4tiO     17 

44  !  lOM 

9.9601 

IIM 

8.4701 

1358 

7.3639 

i.536  65097 

1715 

5.8298     16 

4S 

1007 

9.9310 

1184  &4490 

1361 

7J+79 

15.B  64971 

1718 

5.S197     IS 

4« 

1010 

9.9021 

1187 

8.4280 

1364 

7.3319 

IS42  6  4S46 

1721 

5.3095     M 

47 

1013 

9.87.14 

IIW 

8.4071 

1367 

7.3160 

1545   64721 

1724 

5.7994     13 

48 

1016 

9-8448 

im 

S3.S6J 

1370 

7.3002 

1.548  64596 

1727 

5.789*     12 

49     1019 

9.8164 

1195 

8-J6S6 

1373 

7.2844 

IS5I   64472 

17.W 

5.779*     11 

AO    1022 

9.78&Z 

1I9S 

R34S0 

1376 

7.2687 

IS54  64348 

1733 

5.76W    10 

SI   ; 1025 

9J601 

1201 

8J245 

137^ 

7.2531 

1557  6,4225 

1756 

5.7594      9 

n  1 102S 

9.7322 

MM 

SJ04I 

13S2 

-.137-'; 

15Ci0  64103 

nyt 

5-7495     8 

53     lOJO 

9.70M 

1207 

S.28}B 

13S5 

7.2220 

IS63  t39SO 

1742 

57396     T 

>4     1033 

9A768 

1210 

82636 

138S 

7.2066 

1566  6.3859 

1745 

5.7297     6 

M     1036 

9*499 

1213 

8  2434 

1391 

-.1912 

1569  63737 

174S 

.57199'    5 

.S6     1039 

9^1220 

1216  S.Z234 

1394 

7.1 759 

1572   6  3617 

1751 

5  7101      4 

S7     1042 

9S949 

1219  0.2035 

1397 

7.1607 

1575   6-3496 

1754 

5.700*1    3      \ 

,;S  1  1015 

9.!!fi79 

1222 

6.1837 

1399 

7.1455 

1578  &3376 

1757 

5.6906     2      i| 

59  '  104S 

9.5411 

1225 

8-1640 

1402 

7.13(H 

1581  63257 

1760 

5.6809 

1 

<U>    1051 

9  5144 

I22S 

S.I443 

140-1 

7.1154 

15S4   6J13S 

1763 

5.6713 

O 

liatt 

Cl»i 

Ian 

ent        tiu> 

CAt 

laa     1 

*« 

»2<^ 

M 

4>- 

Jml 

■ 

■ 

■ 

L 

J 

K 

m 

^ 

^ 

^ 

H'tWHSL'fR 

loH^^5si> 

1 
COTANOESTl 

!■ 

^        7S^ 

» 

lO* 

11^ 

ij^ 

!»- 

14' 

f 

q 

(*a 

cot 

Iwa        oM 

Um         mC 

tea       «o* 

Um 

«•• 

o 

1763 

5A713 

1944  5.1446 

3126  4.?<H6 

2309  44315 

2493 

4.0108 

eo 

I 

1766  5«17 

1947   5.1366 

2129  4.6979 

2312   4,3257 

2496 

4.0058 

59 

; 

2 

17W 

5.6521 

1950  3. 1286 

2132  4.6912 

2315   4.3200 

2499 

4,0009 

58 

1 

3 

1772 

5.6425 

19.13   5.1207 

2135   4  6845 

2318  4.3143 

2503 

3.9959 

57 

4 

1775 

5.6330 

1956  5.1128 

2138  4-6779 

2321   4.3066 

2506 

3.9910 

56 

5 

1778 

5.6234 

19.59  S.1(H9 

2141   4.6712 

2324   4J029 

2509 

3.9S61 

55 

r 

6 

1761 

S.6140 

1962   5.0970 

2144   4.6646 

2327  4.2972 

2512 

3.9S12 

.M 

^ 

7 

1784 

5.6CKS 

1'X.S   5  0892 

2147  4-6.>80 

2330  4.2';i6 

2515 

3.9763 

53 

8 

1787 

S.5«l 

1963   5.0S14 

2150  4.6514 

2333   4,28.19 

2518 

39714 

52 

9 

1790 

5.5857 

1971    50736 

2153  4.6448 

2336  4.2803 

2521 

3.9665 

51 

'i 

10 

1793 

5.5764 

1974  5.0658 

2156  4.6382 

2339  4,2747 

2524 

39617 

no 

■1 

11 

1796 

5.5671 

1977  5JK81 

2159  4.6317 

2342  4,2691 

2527 

3.9.16S 

49 

'' 

12 

1799 

5.5579 

1980  5.05(K 

2162  4.6252 

2345  4.2635 

2530 

3-9520 

48 

1 

U 

1802 

5. 5485 

1983  5.0427 

2165  4.61  S7 

2349  4,2580 

2533 

3.9471 

47 

114 

1S05 

5.5393 

1986  5.0350 

2168   4  6122 

2352   4.2524 

2537 

3.9423 

46 

J 

15 

lAOS 

5.5301 

1989   5.0273 

2171   4.6057 

235  S   4.2468 

2540 

3-9375 

45 

1 

16 

ISll 

5.5209 

l'W2   5.0197 

2174  4.5993 

2358  4.2413 

2543 

3.9327 

44 

1 

17 

1814 

5.5118 

I'JOS   5.0121 

2177  4J928 

2361   4,2358 

2546 

3.9279 

43 

IS 

1817 

5.5026 

1996   5.IXH5 

2180  4.5864 

2364  4,2303 

2549 

39232 

42 

19 

1S20 

i.4936 

2001   4.!W69 

2183  4.5800 

2367  4.2248 

2552 

3-9184 

41 

ao 

1S23 

5.4845 

2004  4.9894 

2186  4-5736 

2370  4.2193 

2555 

3.9136 

40 

21 

1826 

5 -4755 

2C»7  4.9819 

21S9  4-i673 

2373   4.2139 

ZSS8 

3.9089 

39 

22 

1S20 

5.4665 

2010  4-9744 

2193   4,-5^i09 

2376  4.2064 

2561 

3.9042 

38 

23 

1S32 

5.4S7S 

2013  4.9669 

2196  4,5546 

2379  4,2030 

25<Vt 

3,8995 

37 

24 

1835 

5.44S6 

2016  4.9594 

2199   4.5483 

2382  4.1976 

2568 

3.8947 

36 

25 

1838 

5.4397 

2019  4.9520 

2202  4-.M20 

2385   4.1922 

2571 

3-8900 

35 

1 

U 

IMl 

5.4308 

2022  4.9446 

2205   4.5357 

23S3  4,1868 

2574 

3^.S4 

34 

IIZT 

1844 

5.4219 

2025   4-9372 

2208  4.5294 

2392   4.1S14 

2577 

3-8807 

33 

HI 

fizs 

1&47 

5.4131 

2028  4  9298 

2211   4,5232 

2395   4,1760 

2580 

3,8760 

32 

■ 

[129 

1850 

S.VHS 

2031  4.9225 

2214  4  5169 

2398  4.1706 

2583 

38714 

31 

V 

Uao 

1853 

SJ9S5 

20.55   4.91 52 

8217   4.5107 

2401   4.1653 

25S6 

3-8667 

ao 

^n 

r 

31 

1856 

5.3868 

2038   4.9078 

2220  4,5045 

2404   4.1600 

2589 

3.8621 

29 

1 

32 

18S9 

5.3781 

2(HI    4  9006 

222J   4.4'>SJ 

2407   4,1547 

2592 

3.8S75 

28 

3i 

1862 

53694 

2044   4-8933 

2226  4.4'J22 

2410  4.1493 

2595 

3.85  28 

27 

1 

34 

1865 

SWI7 

2047   4.8860 

2229  4.4860 

2413  4,144] 

2599 

3-&4S2 

26 

1 

55 

186S 

53521 

2050  4.8788 

2232  4.4799 

2416  4  1388 

2602 

3.84.16 

25 

36 

1S71 

5J43S 

20!;3   4  8716 

2235   4  4737 

2419  4,1335 

2605 

3SJ91 

24 

37 

1S74 

5.3349 

2056  4SM4 

223S  4.4676 

2422   4.1282 

2608 

3S345 

23 

3)> 

IS77 

5J263 

2059  4.SS73 

2241   4.4615 

2425   4.1230 

2611 

3.8299 

22 

1 
1 

39 

1880 

5-3178 

2062  4.8501 

2244  4.4555 

2428  4,1178 

2614 

3-8254 

21 

40 

1883 

5J093 

206.5   4WJ0 

2247  4.4494 

2432  4.1126 

2617 

38208 

20 

1 

41 

1887 

5.3008 

i![(68  4.8359 

2251   4.4434 

2435   4,1074 

2620 

3  8163 

19 

42 

l»iO 

S.2924 

au;i  4.S2S8 

2254  4.4374 

2438  4.1022 

?67l 

38118 

18 

4S 

1893 

5.2839 

2074   4.8218 

2257  4.4313 

2441    4.0970 

2627 

3-8073 

17 

44 

1896 

5.2755 

2077  4.8147 

2260  4.4253 

2444  4.0918 

2630 

3-8028 

16 

Us 

1899 

5.2672 

20S0  4.S077 

226,3   4,4194 

2447  4.0S67 

2633 

3.W83 

15 

1 

Af> 

1902 

S.2S83 

20B3  4  WO? 

2266  4.4134 

2450  4.0815 

2636 

3.7938 

14 

47 

1905 

5.2505 

20y6  4-7937 

2269  4.4075 

2453  4.0764 

2639 

3,7893 

13 

48 

190B 

5-2422 

20Sy  4.7867 

2272  4-4015 

2456  4.0713 

2642 

3.7848 

12 

1 

49 

1911 

5.2339 

2092  4-7798 

2275  4J9S6 

2459  4.0662 

2645 

3.7804 

11 

oo 

1914 

5.2257 

2095  4,7729 

2278  4.3897 

2462  4.0611 

26+8 

3.7760 

lO 

; 

51 

1917 

5Jir+ 

2098  4.76S9 

2231    4JMfi 

2465   4.ai60 

2651 

3.771S 

9 

52 

1920 

5J092 

2101   4.7591 

2284   4,3779 

2469  4.0509 

2655 

3.7671 

8 

53 

1923 

5.2011 

2104   4.7522 

22S7  4.3721 

2472   4.0459 

2658 

3.7627 

7 

.54 

1926 

5.1929 

2107  4.7453 

2290  43662 

2475  4.0408 

2661 

3.7583 

6 

1 

n« 

1929 

5.1848 

2110  4-7.385 

2293   4.W04 

2478  4.0358 

2664 

3.7539 

S 

1932 

5.1767 

2113  4  7.117 

2296  4  3546 

24S1    4.0308 

2667 

3.7495 

4 

1 

1935 

5.1666 

2116  4,7249 

2299  4  3488 

2+84  4,0257 

2670 

3.7451 

3 

1 
1 

n^s 

1938  5.1606 

2119  4.7181 

2303   4.3450 

2+37  4,0207 

2673 

3.7408 

2 

II  5'^ 

1941 

5.1526 

2123  4.7114 

2306  4  3J72 

2490  4,0158 

2676 

37364 

1 

liao 

1W4 

5.1446 

2126  4  7046 

2.309  4J315 

2493   4,0108 

2679 

3  7321 

O 

\ 

HI 

mt 

lan 

cnt        tan 

eat        On 

rat        t«n 

ut 

tan 

u 

79^ 

7» 

77^ 

T«' 

l?i 

M 

■ 

■ 

t 

Ifr 

le- 

17" 

i(c^" 

^"l»- 

^m 

■Ml           MM 

UM           •«« 

IB*            ••• 

mm 

««• 

bM 

OM 

\^M 

0 

36:79   3.7321 

2867  3.4874 

3057  3.2709 

3249 

307n 

3443 

29043   '^tr 

J 

2ftfa   3.7Z77 

2871   3.4836 

3060  3.2675 

5252 

3-0746 

3447 

2W15      9 

2 

26W  3,72» 

2S7«  3.479V 

3064   3.2641 

3256 

30716 

3450 

ilSgJ     m 

3 

Zfm  3.7191 

28n   3,4760 

3067   3.2607 

3259 

30666 

3453 

2.99W     57 

.■* 

2692   3.7148 

2880  3.4722 

3070  3.2573 

3262 

306S3 

5456 

2.8»3     tt 

5 

3695   3.710$ 

2883  3.4684 

5073  3.2539 

3365 

3M25 

5460 

2.MK  |Sf      1 

6 

W»  3.7062 

2886  3.4646 

5076  3.2506 

3269 

34).W5 

3465 

2Jf8n  ■  s* 

7 

2701    3.7019 

2SW  3.4608 

3080  5.2472 

3272 

3,0565 

3466 

2»S1      O 

S 

2704   3,6<r76 

29>f3   34570 

Wtt  3.2438 

3275 

3.0S3S 

3469 

2JS24      52 

9    1  2708   3.W31 

2896  3.4533 

3086  5.2405 

5Z7S 

3,0505 

3473 

2.S797      SI       i 

10 

2711    3  6W1 

2899  5.4495 

3089  5ZI71 

3281 

3.0475 

3476 

2«77Q    Oft 

11 

2714  3AM8 

2902  3.44S8 

5092  3.2338 

3285 

3-0445 

5479 

2«743      ff 

12 

2717   J6W6 

2905  3.4420 

3096  3.2305 

3288 

5.0415 

5482 

2«716     Q 

li 

2720  3.6764 

2906  3.4383 

3099  3.2272 

3291 

30.W< 

3486 

2.M09     V 

14 

27Z1   36722 

2912   3.434« 

3102   3.2238 

5294 

5.0356 

3489 

24662  ,  «i 

IS 

2726  3.A680 

2915  3.4308 

5105  5.2205 

3298 

5.0326 

5492 

&MM 

» 

16 

2729  3.663S 

2918  3.4271 

3109  3.2172 

3J01 

3.0296 

3495 

2.8609 

44I 

17 

27M  3AS% 

2921   3.4234 

3111  3.2139 

3304 

30267 

3499 

2.SS83  'O 

l» 

2736  3.65  M 

2924   3.4197 

3115   3.2106 

3307 

30237 

3S02 

2  85.^   a 

19 

27.T9  3.6S12 

2927   3.4160 

3118  3.2073 

3310 

ixao& 

3505 

2.8529     41 

ttO 

2742   3.WJ0 

2931   3.4)24 

3121  3,2041 

3314 

3.0178 

3508 

2.S502    40 

21 

2745   3.6429 

29.U   3.40B7 

3124  3.2006 

3317 

3j0149 

3512 

2*476     « 

21 

274S  .1,US7 

2937   3.405O 

3127  3.1975 

3320  3X)120 

3315 

2.W4y     Ji 

a 

27 SI    3,W46 

2910   34014 

3131    31943 

3323 

5a»o 

3518 

2.8423     37 

» 

2754   3.6J05 

2943  3.3977 

3)34  3.1910 

3327 

3j0061 

3522 

2.&jy;    36 

2S 

27.5S  3.6264 

2946  3.3'Wl 

3137  3.1678 

3330 

3.0032 

3525 

2.8370  '  33 

26 

2761   3.6222 

2949  5.3904 

3140  5.1tHS 

3333 

3.onai 

3528 

2£344  '  34  1 

27 

2761   X61S1 

2953  5.1868 

5145  5.1813 

33.16 

2.9974 

3331 

2.8318  1  Hi 

28 

2767  3.6H0 

2956  3.3832 

3147  3.17JJO 

3339 

2.9945 

3535 

2.8291 

a 

29 

2770  3.6100 

2959  33796 

3150  3.1743 

3343 

2.9916 

3538 

2.ffi65 

SI 

ao 

2773  3.60S9 

29fa   3.3759 

31-^3  3.1716 

3346 

2.9SS7 

3541 

2.8339 

80 

31 

2776  3.6018 

2965   33723 

3)56  3.1654 

3349 

2.9S58 

3544 

2.8215 

29 

32 

27^0  3.S978 

2963   3,3«»7 

3159  3.1652 

3352 

2.9829 

3548 

2.8187 

a 

M 

2783  3. 5937 

2972   3.J6J2 

3163   3.1620 

3356 

2.9S00 

3551 

2.8161 

27 

» 

2786  3.5897 

2975  3.3616 

3166  3.1588 

3359 

2.9772 

3354 

2.S135 

» 

» 

2789  3.5856 

2978   3.3580 

5169  3.1556 

3362 

2.9743 

3558 

2.8109 

25 

M 

2792  3.S8I6 

2981   33544 

3172  3.1524 

3365 

2.9714 

3561 

2.8083 

34 

W 

2795   3.5776 

2984  3.J509 

3175   3- 1492 

3369 

2.9686 

3564 

2.8057 

If 

«s 

2796  3.5736 

2987   3.1473 

3179  3.1460 

3572 

2.9657 

3567 

2.8032 

21 

X9 

2801  3.5696 

2991   .3.3438 

3182  5.1429 

3375 

2.9629 

3571 

2.8006 

M 

40 

2805   3.5656 

2994   33402 

3185   3.1397 

3378 

2.9600 

3574 

2.7980 

» 

41 

2808  3.5616 

2997   3,3.167 

3188  5.1366 

3332 

29572 

3577 

2.7955 

H 

42 

2811    3.5  5  T« 

3000  3.3332 

3191   11334 

3385 

2,9544 

5581 

2.7929 

U 

4J 

8814  3.5536 

SIXa   3.3297 

3195   31303 

3383 

2-9515 

3584 

2.T903 

1; 

*t 

2817  3.5497 

3DU  5.3261 

5198  51271 

3391 

2.9487 

3587 

2.7S7S 

16 

4S 

28)0  3.S457 

3010  5.3236 

3201    3.1240 

3595 

2.9459 

3590 

2.7852 

U 

46 

ZSZS  3.5418 

5013  5.3191 

3KH   3-1209 

3398 

2,9431 

3594 

27827 

14 

47 

2827   3.S379 

3016  33156 

3207   3.1178 

3401 

2.9403 

3597 

2.7801 

U 

4S 

2t)J0  3.53J9 

5019  33122 

3211   3.1146 

3404 

2-9373 

.1600 

2-7776 

u 

i9 

2&13   J.5300 

5022  5.30S7 

5214  5.1115 

3408 

2.9347 

VM 

2.7751 

u 

OU 

2tU6  3.5261 

9086  5J052 

5217  5.1084 

3411 

2.9319 

3607 

2.7725 

la 

51 

2839  3-5221 

9029  5.301? 

3220  5-1053 

3414 

2.9291 

3610 

2.7W0 

9 

5i 

2842  3  5ISJ 

5032   3.2983 

3223   3-1022 

3417 

2.9265 

3613 

2.7675 

1 

<.( 

284S   3.5144 

XOi  5.2948 

3227   30991 

3421 

2.9255 

3617 

2.76VI 

7 

54 

2!M9  3.5105 

5018  3.2914 

3230  3.0961 

3424 

2.'wm 

3620 

2.762S 

6 

.IS 

2852  3.5067 

5041   5.28S0 

3233  3.0930 

3427 

29180 

36S3 

2.7500 

t 

56 

ISM  3.5008 

30*5  51S45 

3236  3.0899 

34  JO 

2.9152 

3627 

2.7575      * 

57 

1858  3.49«9 

5048  3  2811 

3240  3.0»8 

3434 

i9125 

3630 

t.7SM)    :■ 

58 

2861    3*951 

5051   3.2777 

3243   30&38 

3437 

2-9097 

3611 

£.7525  ;   1 

59 

2864   3.4912 

3054   3.2743 

3246  3.0607 

3440 

2^9070 

3636 

2.7500 

> 

ou 

2867  3.4374 

3057  3  J709 

5249  3.07n 

3443 

2.9042 

3640  2.747S 

• 

OMI       un 

•at        lAB 

( 

tAB 
1 

CM 

7 

z 

«     7-« 

ra 

■ 

1 

Ilk— 

J 

^fc 

— 

■1 

^^H 

^^^1 

s^ffi 

t^^s! 

mafi 

^^bP 

^TO! 

so^ffl 

^ 

^^ 

1 

f 

30-' 

31 

taw       «at 

22' 

sa 

a4" 

f 

1 

UM        ewl 

tea 

«ai 

tmm 

««t 

lAB 

«^ 

0 

3640  2.7475 

3S39 

2^51 

KHO 

2.4751 

4245 

2J5S9 

4452 

22460 

SO 

T 

1 

3643   2.7450 

3S42 

2;602S 

4014 

2.4730 

4248 

2J539 

4456 

2.2443 

59 

J 

2 

36*6   2.7425 

3&I5 

2.6006 

4<M7 

2.4709 

4252 

23520 

4459 

2.2425 

ss 

^ 

3 

36S0  2.7400 

3S49 

2J9S3 

4050 

2-4689 

4255 

2J501 

4463 

22408 

57 

■ 

4 

3653   2.7376 

3652 

2J961 

4054 

2-4668 

4258 

2J483 

4466 

2.2390 

56 

■ 

i 

3656  2.73S1 

3RSS 

2-59.TS 

4057 

2.4MS 

4262 

23464 

+♦70 

2.1373 

55 

■ 

6 

3659  2.732A 

3859 

2-5916 

4061 

24627 

4265 

23445 

1473 

2J3SS 

.54 

^ 

1 

3663  2.7302 

3862 

2.5W3 

40M 

2,4*;06 

4269 

23426 

4477 

2.233S 

53 

1 

S 

3C66  2.7ZT7 

396S 

2JS71 

4067 

2-45S6 

4272 

23407 

4480 

2-2320 

52 

^ 

9 

3(V»  2.7253 

3869 

2-5848 

4071 

24566 

4276 

23388 

4484 

??W3 

51 

■ 

10 

3673   2.7228 

3872 

2Ji826 

4074 

2,4545 

42<9 

23369 

4487 

22286    nOl 

■ 

11 

3676  2.7204 

3875 

2.5804 

4078 

2.4525 

4283 

23.151 

4491 

2.2268 

49 

■ 

12 

3679   2.71 :» 

3879  2.5782 

4061 

2.4504 

4286 

2.3332 

4494 

2.225) 

48 

■ 

U 

36S3  2.7155 

38S2 

2Jr59 

4084 

2.4484 

4289 

23313 

449B 

2.2234 

47 

■ 

14 

36S6  2.7130 

.183,5 

2.5737 

4088 

2,4464 

4293 

23294 

4501 

a.22l6 

46 

■ 

IS 

3689  2.7106 

3889 

2-5715 

4091 

2.4443 

4296 

23276 

4.S05 

2-2199 

45 

■ 

16 

3693  2.706Z 

3892 

2.5693 

4095 

24423 

4300 

23257 

4508 

2-2182 

44 

■ 

17 

y<96   2.7058 

3895 

2.5671 

4098 

2  4403 

4503 

2.3238 

4512 

2.2165 

43 

IS 

3699   2.7034 

3899 

2  5649 

4101 

2.4.183 

4307 

2.3220 

4515 

2.2148 

42 

19 

3^)2  2.7009 

3902 

2..5627 

4105 

2.4.162 

4310 

2.3201 

4519 

2.2130 

41 

xo 

3706  2.658S 

3906 

2,5«IS 

4106 

2,4342 

4314 

23183 

4522 

2.2113 

40 

21 

3709  2.«K1 

390'.* 

2,5583 

4L11 

2.4322 

♦317 

23161 

4526 

2,2096 

39 

I 

22 

3712   2.69J7 

3912 

2-5561 

4115 

24302 

4320 

Z3I46 

♦529 

2.2079 

38 

23 

3716  2^13 

3916 

2.5539 

4118 

2.47«2 

4324 

23127 

4533 

2,2062 

37 

24 

3719   fjfjm 

3919 

2.5517 

4122 

2.4262 

4327 

23109 

4.536 

2.2045 

36 

23 

3722  2  6865 

3922 

2-.M9S 

4125 

24242 

4331 

23090 

4540 

2.2028 

35 

26 

3726  2.6841 

3926 

2.5473 

4129 

2-4Z22 

4334 

2.3072 

♦543 

2.2011 

34 

27 

3729  2.6818 

3929 

2.5452 

4132 

2-42«2 

4338 

2.3053 

4547 

2.19W4 

33 

1     28 
1     » 

37.32   2^794 

3932 

2-5430 

4135 

2-4182 

4341 

23035 

45.S0 

2,iy77 

32 

37.%  2^70 

3936 

2-5408 

4139 

2-4162 

4345 

23017 

4554 

2.1960 

31 

30 

3739  2.6746 

.1939 

2.53S6 

4142 

2.4142 

4348 

2.2998 

4557 

2.1943 

30 

■ 

31 

3742   2A72.1 

.V>42 

2.5365 

4146 

2.4122 

4352 

2.29S0 

4561 

2.1926 

29 

32 

374.1   2Jm9 

3916 

2-5343 

4149 

2.4102 

4355 

2.2962 

4564 

2-1909 

28 

33 

3749  2.6675 

3949 

2.5322 

4152 

2,4083 

4359 

2.2944 

4568 

2-1892 

27 

1     ^ 

1     35 

■    36 

3752   2.66S2 

3953 

2.5300 

4156 

2.4063 

♦362 

2292S 

4571 

2.1876 

26 

3755  2j66Z8 

3956  2.5279 

4159 

2.4043 

4365 

2J907 

4575 

2.1859 

25 

3759  2.660$ 

3959 

25257 

4161 

2,4023 

4369 

2JS89 

437S 

21842 

24 

37 

3762   2^81 

3%3 

2,5236 

4166 

2*m* 

4372 

2^71 

4582 

21825 

23 

38 

3765   2.6558 

3966 

25ZI4 

4169 

2.3984 

4376 

2.2853 

4585 

2.1808 

22 

39 

3769  2.6534 

3969 

2.5193 

4173 

2.396t 

4579 

2  7R15 

4589 

2.1792 

21 

40 

3772   2AS11 

3973 

2-5172 

4176 

2.3945 

4383 

22817 

4592 

2.1775 

20 

41      3775   2^88 

3976 

2-";  150 

4180 

2J925 

4386 

2,2799 

4596 

2.17.58 

19 

.     " 

3779  2.6464 

3979 

2-5129 

4183 

2J906 

4390 

2^81 

4599 

2-1742 

18 

It; 

3782  2.6441 

3983 

2.5108 

4187 

2.3886 

4393 

2.2763 

4603 

2  1725 

17 

37SS   2j6«]S 

3986 

2-5086 

4190 

2JS67 

4397 

2,2745 

4607 

2.170S 

16 

45 

3789  2j6995 

3990 

2,506S 

4193 

23847 

4400 

22727 

♦610 

2.1692 

15 

46 

3792  2j6371 

3993 

2-S(m 

4197 

2J828 

44<M 

22709 

4614 

2.1675 

14 

♦7 

3795  2.^48 

3996 

Z.'^OZi 

4200 

2.3808 

4407 

2,2691 

4617 

2.1659 

13 

48 

3799  2.6}25 

4000 

2.5002 

4204 

2J789 

4411 

2.2673 

4621 

2.1612 

12 

49 

3802  2.6302 

4003 

2,4981 

4207 

2.3770 

4414 

2.26.v> 

4624 

2.1625 

11 

no 

3805  2.6279 

4006 

2.4960 

4210 

2.3750 

♦417 

2-2637 

4628 

2.1G09 

lO 

51 

3809  2.6ZS6 

4010 

2,4939 

4214 

23731 

4+21 

2.2620 

4631 

2-1592 

9 

52 

3612  2.6253 

■1013 

2.W18 

4217 

2.3712 

4424 

2.2602 

4635 

2.1  S76 

8 

S3 

3815  2^10 

4017 

2-4897 

4221 

2,3693 

4428 

2.2584 

4638 

2.1560 

7 

S4 

3819  2.61$7 

4020 

2.4876 

4224 

2J673 

4431 

2.2566 

4642 

2.1543 

6 

■  ss 

3822   2.6165 

4025 

24855 

4228 

2.36.S4 

443S 

2-2.S49 

46*5 

2-1527 

5 

1  ^ 

m?S   2.6142 

4027 

Z.4R54 

4231 

2J6.15 

44  JS 

2  2531 

4649 

Z-1510 

4 

1    57 

3fi29  2.6119 

4030 

2,4813 

4234 

2.3616 

♦442 

22513 

4652 

2,1494 

3 

58 

3S32  2,6096 

4033 

2  4792 

42JS 

2.3597 

4445 

2.2496 

4656 

2,1478 

2 

1 

59 

3835  2.6074 

4037 

2.4772 

4241 

2,3578 

4449 

2,2478 

4660 

2,1461 

1 

^ 

OO 

1819  2.60S1 

4(H0 

2.4  751 

4245 

23.^59 

4452 

22460 

4663 

2.1445 

O 

m 

|- 

•^         Lu 

ra* 

tmn 

«a«        IMI 
67= 

art       Ian 

nat 

tkn 

■ 

e»" 

etr 

V'l^ 

1  '^^^H 

E^ 

.■ 

■ 

' 

iCA" 

tMI          OOt 

MT- 

»t' 

«»- 

' 

t»H 

«0« 

la«       eM 

iMi 

oo* 

Uw 

Mt 

0 

4663 

2.1445 

4877 

2.0503 

5095    t.9626 

5317 

1.SS07 

5.M3 

13040    M 

1 

4667 

2.1429 

4881 

2«48S 

5099   1.9612 

5321 

1.879* 

5547 

13028     59 

2 

4670 

2.1413 

4885 

2.0*73 

5103    19598 

5325 

1.8761 

5551 

13016     58 

3 

4674 

2.1396 

4WR 

2(H5S 

5106   I.95&* 

5328 

1,8768 

ssss 

I.SC03     57 

4 

4677 

2.1380 

4«»2 

2JM43 

5110   1.957U 

5332 

I.S7S5 

555S 

1.7991     56 

S 

46S1 

2.UM 

4S95 

2.0U8 

5114    1.9556 

5336 

1.8741 

3562 

1.797?     55 

« 

46S4 

2.1  }48 

4899 

2«fl3 

5117   t.9542 

5340 

1.8728 

55G6 

1.7966  1  54 

7 

46SS 

2.1532 

4903 

2J0398 

5121    1.952K 

5343 

1.8715 

5570 

1.7954 

53 

8 

4691 

2,131S 

4906 

2j03S3 

5125    1.9514 

5347 

I.S702 

SS74 

1.7942 

52 

9 

4&9i 

2.1299 

4910 

2.Q36S 

5128   1,9.S00 

5351 

IJM89 

5577 

1-7930 

" 

10 

4«» 

2.1 2S3 

4913 

2XU53 

5132    1.9486 

5354 

1.867fi 

5581 

1.7917    fiO 

u 

4702 

2.1267 

4917 

2j0338 

5136   l.'M72 

5358 

1.W63 

5585 

1.7W5     0 

12 

4706 

2.1251 

4921 

2A3Z3 

5139   1.9*58 

5362 

IMW 

3.^89 

1.7893     41 

15 

47W 

2.1235 

4924 

30308 

5143   1S»*44 

5366 

1.8637 

5593 

L788I     47 

14 

4713 

2.1219 

492S 

2.0293 

5147    1.9*30 

5369 

1.86» 

5596 

1.7868  j  4i 

15 

4;ic. 

2.1  »03 

4931 

2j0278 

5150  19416 

5373 

15611 

5600 

1.7856  '  45 

16 

4720 

2.ilS7 

4935 

2X)363 

5154  I.W02 

5377 

1A598 

560* 

1.7SH  1  44 

17 

4723 

2.1171 

4939 

2.0248 

5158  1.9388 

53S1 

1,8585 

560B 

1.7832  1  43 

18 

4727 

2.115S 

4W2 

>0233 

5161    1.9375 

5384 

ISS72 

5612 

1.7820     *2 

19 

4731 

2.1 139 

49*6 

2jOS19 

5165   1.9361 

5388 

I  £559 

5616 

1.78nK  !  *1 

aM> 

4734 

2.1123 

4950 

2.020* 

5169   1.913*7 

5392 

1.8546 

5619 

1.7796 

40 

Zl 

4738 

2.1107 

4953 

20189 

5172   1.9333 

5396 

1««1 

5623 

1,77S) 

39 

22 

4741 

2,  low 

4957 

2.0174 

5176  1.9319 

.5399 

IB520 

5627 

l.HTl 

38 

23 

474S 

2.1076 

4960 

zmeo 

SldO  1.9306 

5*03 

1.8507 

5631 

1.7759 

JI 

24 

4748 

2.1060 

49M 

20145 

5184    1.9292 

5407 

1«*95 

S63S 

1.77*7 

K 

25 

4752 

2-lOM 

4963 

2J0J3O 

S1S7   1.9278 

5411 

1M8Z 

5639 

1.773S 

3S 

26 

4755 

2.I02S 

4971 

2J0115 

5191    1.9265 

5415 

]»«69 

5642 

1,7725 

31 

27 

4759 

2.1013 

4975 

2.0101 

5195   1.9251 

5418 

1M56 

5646 

1.7711 

S3 

28 

476} 

2.0997 

4979 

2.0C66 

5196  1.9237 

5422 

134*3 

5650 

1.7699  -X 

29 

4766  2Mei 

49tt2  2.0072 

5202   1.9223 

5426 

13*30 

5654 

1.7687  '  31 

ato 

4770 

2.096$ 

4986 

2Jn57 

5206   1.9210 

5430 

13418 

5658 

1.7675 

30 

31 

4773 

2-09S0 

49S9 

2.0042 

5209   1.9196 

5433 

13*05 

5662 

1.7663 

» 

32 

4777 

2.0934 

499.1 

2.002S 

5213    1.9IS3 

5437 

1339Z 

5665 

1-7651 

» 

33 

4780 

2-0918 

4997 

i0013 

5217    1.9169 

5441 

1.S379 

566-^ 

1.7639 

» 

34 

4784  2.0903 

5000 

1.9999 

5220   1.9155 

5445 

13367 

5673 

1.7627     » 

3S 

4788 

2:0887 

50(M 

1.9984 

5224   1.9142 

5*48 

13354 

5677 

1.7615     25 

36 

4791 

2.0872 

SOQK 

1.9970 

5228   1.9128 

5452 

13341 

5681 

1.7603     « 

37 

479S 

2.0856 

son 

1,99.« 

5232    1.9115 

5456 

13329 

56&5 

1.7591  1  U 

38 

4798 

2JW10 

5015 

1,9941 

5235    1.9101 

3*60 

13116 

5688 

1.7579     U 

39 

i(m  2.0625 

5019 

1.9926 

5239  1.9088 

5*64 

13303 

5692 

1 .7567     i\ 

40 

4806 

2.0809 

vm 

1.9912 

5243   1,9074 

5*67 

13391 

5606 

17556    W> 

41 

4«0<.l 

2.0794 

sou. 

1.9897 

5246   1.9061 

5471 

13278 

5700 

1.754*      19 

42 

4813 

2.0778 

SON 

1.9S&3 

5250   1.9047 

5475 

IRTISS 

570* 

1.7.^32     IS 

43 

4816 

2.0763 

sou 

1.9868 

5254   1.9034 

54T9 

132.S3 

5708 

1.7520     i: 

44 

4820 

2.0748 

saj7 

1.9854 

5Z5S  1.9020 

5482 

13240 

5712 

1.750S     lb 

45 

4S23 

2.0732 

5040 

1.9840 

5261    1.9007 

5486 

13Z2S 

5715 

1.7496     n 

46 

4S27 

2.0717 

.W44 

I.VS2S 

5365    1.8993 

5490 

13215 

5719 

1.7485     1< 

47 

4531 

2.07QI 

.«MS 

19S1I 

5269   1.8980 

5*94 

13202 

5723 

1.7473  1  U 

48 

4834 

2.06S6 

50M 

19797 

5272   1.S967 

5498 

13190 

5727 

1,7461      U 

49 

4818 

2.0671 

5055 

1.9;&2 

5276   1.89S3 

5501 

13177 

5731 

1.7449     11 

SO 

4»1 

2.0655 

5059 

1.9768 

5280  1,39*0 

5505 

131^ 

5735 

1.7437 '10 

SI 

4845 

2.0M0 

S0&2 

19754 

5284    1.8927 

5509 

13152 

5739 

1 .7426     9 

52 

4849 

2.0615 

SWJ. 

l-'W-W 

S2S7    1«913 

5513 

13140 

57*3 

I  T414  1   8 

53 

4852 

2.0609 

.5070 

1,9725 

5291    1.8900 

5517 

13127 

57*6 

1.740e 

1 

54 

4856 

2.05*4 

5073 

1.9711 

5295    1.8887 

5520 

13115 

5750 

1.7391 

6 

IS 

4859 

2ikS79 

5077 

1.9697 

.5298  I.SS73 

5524 

13103 

57.54 

I  7379      5 

56 

4BG3 

2.0S61 

SOSI 

IMBS 

5302  1.SS60 

5528 

13090 

S75S 

1.7367      4 

57 

48r.7 

2.0*49 

SOW 

1.96fl9 

5306  13843 

5532 

13078 

5762 

1 .7355     i 

5H 

4K70 

2,CKJ.l 

wss 

19654 

5310  l,»t,34 

s.ys 

13065 

5766 

1.7344     1 

fu 

4874 

2.W1S 

5092 

1.9640 

5313    1.8S20 

5539 

13053 

5770 

1.7332     1 

iM> 

4.s;; 

2.0503 

5095 

1.9616 

5317   1.8807 

5543 

180*0 

5774 

1.7321  1  0 

. 

vat 

tmm 

•nt 

«M 

*M       nui 

OM 

Hm 

ent 

um 

■'-' 

IH 

VM 

«2 

tno 

nw        ' 

m 

■ 

M 

^E 

■ 

i 

I 

^^ 

^ 

aWr 

?^tT! 

raSS 

sn^B 

DOTS 

SO^^ 

r* 

^^ 

1 

f 

30" 

31- 

3^' 

tan        c«t 

33^ 

1M° 

» 

m 

tan 

oM 

Wtt 

col 

iBB 

vol 

tAB 

est 

V 

0 

57T4 

17321 

(an 

1.6643 

6249 

1.6003 

6494 

15399 

6745 

1.4626 

«4> 

I 

5777 

1.73W 

6013 

1.6632 

6253 

1.5993 

6198 

15389 

6749 

1 ,4616 

59 

2 

5781 

1.7297 

6017 

1.6621 

6257 

1.5963 

6502 

1.5.179 

6754 

1.4807 

58 

3 

S78S 

1.72S6 

6020 

1.6610 

6261 

15972 

6506 

1.5369 

6758 

1.4798 

57 

« 

5789 

1.7274 

6024 

1.6599 

62&S 

1-5962 

6511 

1.5359 

6762 

1.47S8 

56 

5 

5793 

i.Taw 

60Z6 

1/.5S3 

6269 

1,5952 

6SIS 

1.5350 

6766 

1.4779 

35 

6 

5797 

1.7251 

6032 

1.6577 

6273 

1.5941 

6519 

1.5340 

6771 

1.4770 

5+ 

T 

5801 

1.7239 

6036 

1*566 

6277 

1,5931 

6523 

1-5330 

6775 

1.4761 

53 

8 

5805 

1.7228 

6040 

lASSS 

6281 

1-5921 

6527 

I.S320 

6779 

1,4751 

52 

9 

580S 

1.7216 

6044 

1.6S45 

6285 

I.591I 

6531 

15311 

67S3 

1.4742 

51 

10 

5812 

1.720S 

COW 

1.653+ 

6289 

1,5'yOO 

6536 

1.5301 

6787 

1.4733 

SO 

1" 

5816 

1.7193 

6052 

l*.523 

6293 

1.5890 

6540 

1.5291 

6792 

1.4724 

49 

II  12 

5820 

1.71S2 

iM>.<% 

1.6S12 

6297 

1.5880 

^4+ 

1,52S2 

6796 

1.4715 

48 

IJ 

5921 

1.7170 

60('O 

1.6.^01 

6301 

1.5869 

6548 

1,5272 

6900 

1.470,5 

47 

M 

5828 

1.7159 

6064 

1.6(90 

6305 

1-5859 

6552 

1,5262 

6805 

1.4696 

46 

IS 

58J2 

1.7147 

6068 

1.6479 

6310 

15849 

6556 

15253 

6809 

1.4687 

45 

16 

58.16 

1.7136 

6072 

\.(Am 

6314 

1-5839 

6560 

1.3243 

6813 

1.4678 

++ 

1! 

5*40 

1.7124 

6076 

1.6458 

6318 

l,5S29 

6565 

1.52.13 

6817 

1.4669 

43 

18 

5*H 

1.7113 

60S0 

1.64+7 

6322 

1.5818 

6569 

1.5224 

6822 

J. 4659 

42 

19 

J«7 

1.7102 

am 

1.6436 

6326 

1.5808 

6573 

1,5214 

6826 

1.4650 

41 

SO 

5851 

1.7090 

6088 

1*426 

6330 

1-5798 

6577 

1,5204 

6830 

1.4641 

40 

21 

S855 

1. 7079 

HffZ 

1.641.S 

6.iJ4 

1,5TSS 

6SHI 

1-5195 

6S34 

1.4632 

39 

22 

S859 

1.7067 

(Oifi 

l.(V*(M 

Am 

i^7:s 

6SSS 

1-5165 

6839 

1-4623 

JS 

zi 

5863 

i.7a';6 

6100 

1.6J93 

6342 

1.5768 

6590 

1.5175 

6843 

1.4614 

37 

24 

5867 

1.7045 

6104 

1.6IS3 

6346 

1.5757 

6594 

1.5166 

6847 

I.460S 

36 

25 

5871 

1.7033 

6108 

1.63n 

63S0 

1-5747 

6S« 

1J156 

6851 

1-4596 

35 

26 

SB7S 

1.7022 

6112 

1.6361 

6554 

l,5-.i7 

6602 

1-5147 

6S56 

1.4S8f> 

34 

27 

5879 

1.7011 

6116 

1.6351 

6558 

1^727 

6606 

1.5137 

6860 

1.4577 

33 

28 

5883 

1.6999 

6120 

1.6340 

6363 

1.5717 

6610 

15127 

6364 

1.4568 

32 

29 

5887 

1«IB3 

6124 

1.6329 

6367 

1,5707 

6615 

1,5118 

6869 

1.4559 

31 

90 

5890 

16OT7 

6I2S 

1.6319 

6371 

1.5697 

6619 

1-5108 

6873 

1.4550 

SO 

31 

S894 

1«965 

6132 

1.6308 

6375 

1.5687 

66Z3 

1.5099 

6877 

1.4541 

29 

32 

5898 

1.6954 

6136 

1.6297 

6379 

1  5677 

6627 

1.5089 

6881 

14532 

28 

33 

5902 

1.^13 

6140 

1.6287 

63ai 

1.5667 

6631 

1-5080 

6886 

1,4523  ■   27 

1 

34 

5906 

1.6932 

61+4 

1.6276 

6.387 

1.S657 

6636 

I. SOTO 

6890 

1-4514 

26 

1 

35 

5910 

IJ»20 

6148 

16365 

6391 

1.56+7 

6640 

1.S061 

6894 

1.4505 

25 

M 

5914 

1*909 

6152 

1-6255 

6395 

1.5637 

6644 

],SQ51 

6899 

1-4+96 

2+ 

37 

5918 

1.6898 

6156 

1.62+4 

63V; 

1.5627 

6618 

1,SIM2 

6903 

14487 

23 

38 

5922 

1.6887 

6160 

1*234 

6403 

1.5617 

6652 

1-5032 

6907 

1.4478 

22 

39 

5926 

1.6875 

6164 

1.6223 

6408 

LSMW 

6657 

1.5023 

6911 

1.4+69 

21 

■m 

5930  1.6864 

616S 

1.6212 

6412 

1.5597 

6661 

1.5013 

6916 

1.4+60 

SO 

41 

5934 

148S3 

6172 

1.6202 

6416 

1.5.<;$7 

6665 

liOW 

6920 

1.4451 

19 

1 

42 

5938 

14842 

6176 

1.6191 

6420 

1.SS77 

6669 

1.4994 

6924 

1-4442 

18 

j 

43 

S9t2 

1.6831 

6IS0 

1.6181 

6424 

1JS67 

6673 

1.4985 

6929 

L4433 

17 

44 

SW5 

1. 6820 

6184 

1.6170 

6428 

1.S5S7 

6678 

1.4975 

6933 

1.4424 

16 

' 

45 

59*9 

1.6908 

6I8S 

1.6160 

6432 

1.5547 

6682 

1.4966 

6957 

1.4415 

15 

1 

46 

5953 

1*797 

6192 

1.6149 

6436 

1.5537 

6686 

1.4957 

6942 

1.4406 

14 

1 

47 

59S; 

16786 

61% 

1.6139 

6440 

1.5527 

6690 

1.4947 

«M6 

1.4397 

U 

1 

4S      S961 

1. 6775 

6200 

1.6128 

5445 

1.5517 

C694 

1.4938 

6950 

1.43S3 

12 

49 

5965 

16764 

6204 

1.6118 

6449 

1.5507 

6699 

1.4928 

6954 

1.43J9 

11 

fiO 

5969 

1A753 

6208 

1.6107 

6453 

U+97 

6703 

1.4919 

6959 

1+370 

10 

51 

5973 

t*742 

6212 

1.6097 

6457 

1.S+S7 

6707 

1.4910 

6963 

1-4361 

9 

' 

52 

5977 

16731 

6216 

1.6087 

64f.I 

1..547; 

6711 

1.4900 

6967 

1.4352 

8 

) 

S3 

5981 

16720 

6220 

1.6076 

6465 

1.5*68 

6716 

1,4891 

6972 

1.434+ 

7 

1 

H 

5985 

1*709 

6224 

1.6066 

6469 

1.S+S8 

6720 

1.48S2 

6976 

14335 

6 

55 

59S9 

IA»3 

6228 

1.6055 

6473 

1.5448 

6724 

1.4872 

6990 

1.4326 

5 

■1 

56 

5W3 

1*687 

6233 

1*0+5 

6478 

1,5438 

6728 

1.4863 

6985 

1+317 

4 

57 

5997 

16676 

6237 

1.60D4 

6482 

1.5428 

6732 

1,4854 

6989 

1+308 

3 

l|58 

6001 

16665 

6241 

1*02+ 

6436 

1.5418 

6737 

1.+844 

6993 

1.+299 

2 

■  59 

6005 

1*654 

6245 

1*014 

M90 

15408 

6741 

1.+S35 

»98 

1.4290 

1 

■  eO     6009 

16643 

6249 

1.6003 

6494 

1.5399 

6745 

I.+S26 

7002 

1.42S1 

0 

■ 

IMI 

eat 

Ua 

Mt 

m 

M« 

tlU 

tan 

J 

LJ 

«^ 

58*^ 

flT- 

5«" 

i'^ 

iL^ 

\ 

■ 

E 

"^ 

■ 

■ 

■ 

P^" 

^"     NATURAL  TANGrai 

nn 

M 

IHi 

1^ 

^^^ 

( 

35- 

3«= 

ST'^ 

3»^ 

3»" 

i 

tma 

•at 

\MM 

eat 

tan 

cat 

laa 

miC 

laa 

oat 

o 

7002 

I-42SI 

7265 

13764 

7.536 

13270 

7813 

1,2799 

9ir» 

1.2.349 

00 

1 

70O6 

1-4273 

7270 

1J755 

7540 

13262 

THIS 

1.2792 

Si0i3 

12342 

59 

t 

7011 

1  436* 

7274 

1-3747 

7,545 

1.3254 

7822 

J. 2784 

8107 

12334 

5S 

3 

7015 

1  4255 

7279 

13739 

7-549 

J. 32+6 

7827 

1,2776 

8112 

12327 

s: 

4 

7019 

1.4246 

72S.3 

1.3730 

7554 

1.3238 

7832 

1.2769 

8117 

12320 

56 

S 

7024 

1.4237 

7288 

13722 

7558 

1-3230 

7836 

1.2761 

8122 

1.2312 

55 

6 

7028 

1.4229 

7292 

IJ713 

7563 

1,3222 

78*1 

1.2753 

8127 

1.23«l5 

5* 

7 

7032 

1.4220 

7297 

1JI05 

7568 

1.3214 

7846 

i.n46 

8132 

1.2296 

S3 

S 

7037 

1,4211 

7301 

1.3697 

7572 

1.3206 

7850 

1.2738 

8136 

1.2290 

52 

9 

70*  I 

1.4202 

7306 

1J688 

7.S77 

13198 

7855 

1.2731 

814 1 

1.2283 

51 

lO 

704« 

1.4193 

7310 

1.3690 

7SS1 

1.3190 

78«) 

1.2723 

8146 

1.2276 

00 

11 

70.W 

1.41S5 

7314 

1.3672 

75S6 

13182 

7865 

12715 

8151 

1.2266 

49 

12 

7054 

1.4176 

7319 

1.3663 

7590 

1,3175 

7869 

1.2708 

8156 

1.2761 

48 

13 

7059 

1.4167 

7323 

1-365S 

7595 

13167 

7874 

1.2700 

8161 

1-2254 

47 

14 

7063 

I.41SS 

7328 

1-16*7 

7600 

13159 

7879 

1.2693 

8165 

1-2247 

46 

IS 

7067 

1.41.50 

7332 

1.3638 

7604 

13151 

788] 

1.2685 

8170 

1.2239  I  45  1   ! 

16 

7072 

1.4141 

7337 

1.36W) 

7609 

1.31+3 

7888 

1.2677 

8175 

1  2232      H  1   1 

17 

7076 

14132 

734] 

1J622 

7613 

13135 

7893 

1,2670 

8180 

1.2225 

43 

18 

70S0 

1.4124 

7346 

1.3613 

7618 

1-3127 

789S 

1.2662 

81 S5 

1-2218 

*2 

19 

70SS 

1.4115 

7350 

1,360$ 

7623 

13119 

7902 

12655 

8190 

12210 

41 

20 

7089 

1.4106 

7355 

1.3597 

7627 

13111 

7907 

I.26+? 

8195 

1.22A3 

40  : 

21 

7094 

1,4097 

7J59 

1J58S 

7632 

13103 

791 2 

1.2640 

8199 

1.2196 

39 

22 

7098 

1,4089 

7364 

USSO 

7636 

1.3095 

7916 

1.2632 

8204 

1.2189 

38 

23 

7102 

1.4080 

736S 

1.3<;72 

7641 

1.J087 

7921 

1,2624 

8209 

1  2181   j  37 

24 

7107 

1.4071 

7373 

1.3564 

7616 

1.3079 

7926 

12617 

8214 

1.2174  1  36 

25 

7111 

1.4063 

7377 

1.3555 

7650 

1.3072 

7931 

l,2«09 

8219 

1  2167  '  33 

26 

7115 

1.40S4 

7382 

1.3S47 

7655 

1J064 

7935 

l.2«02 

8224 

1. 2160 

3+ 

27 

7120 

1.4045 

7386 

U539 

76S9 

13056 

79*0 

1.2594 

8829 

12153 

33 

28 

7124 

14037 

7391 

13531 

7664 

1.31MS 

79*5 

1,2587 

8234 

1.2145 

32 

29 

7129 

1-402S 

7395 

1.3522 

7669 

13040 

7950 

1,2579 

8238 

12138 

31 

30'   713.1 

1.4019 

7400 

1-3514 

7673 

1.3032 

7954 

1.2572 

8243 

1.2131    90 

3!   1   7137 

1.4011 

7404 

1-3-106 

7678 

1..W24 

7959 

1.2.564 

SMS 

1.2124      » 

^2 

7142 

1.4002 

7409 

1,3+98 

7683 

1,3017 

796* 

1.2.5.57 

8253 

12117     18 

J3 

7146 

1J994 

7413 

1.3*90 

7667 

1.3009 

7969 

1.2549 

8258 

1.2109     17 

34 

715! 

U98S 

7418 

1.348L 

7698 

1.3001 

7973 

12542 

8263 

1.2102 

26 

35 

7ISS 

1J976 

7422 

L.3473 

7696 

1.2993 

7978 

1.2534 

8268 

1.2095 

25 

36 

7159 

1.3968 

7427 

1  34M 

7701 

LiWS 

7983 

I.2.S27 

8273 

i.2ces 

M 

37 

7164 

M959 

7431 

1  3+57 

7706 

1,2977 

79SS 

1,2519 

827S 

1.2061 

S 

38 

7168 

1.3951 

7436 

1.3*49 

7710 

1,2970 

7992 

1.2512 

8283 

1.2074 

13 

39 

7173 

IJ942 

7440 

l..t+40 

7715 

1.2-X.2 

7997 

1.2504 

8287 

1.20M     21      1 

40     7177 

IJ934 

7445 

1J432 

7720 

1.WS+ 

8002 

12497 

8292 

1-2059    90 

41      71(t1 

13925 

7449 

1.3*24 

7724 

1.29*6 

8007 

1.2*89 

8297 

12052  1  19 

42 

7186 

1.3916 

7454 

1.3416 

7729 

1,2938 

8012 

12*83 

ssoz 

I  2045  1  U 

43 

7190 

13908 

7458 

1.3408 

7734 

1.W31 

S0I6 

1.2475 

8307 

1-2038     17 

44 

7195 

I.3S99 

7463 

13+00 

7738 

1.292.3 

8021 

1.2467 

aitz 

1-2031 

»      \ 

45 

7199 

U891 

7467 

1,3392 

7743 

1,2915 

8026 

12460 

8317 

1-2024 

1! 

46 

7203 

1JS82 

7472 

13384 

7747 

1.2907 

8031 

1.2453 

S322 

1-2017      H 

47 

7208 

1JS74 

7476 

1.3375 

7752 

1.2900 

8035 

1.2445 

8327 

1.2009  1  U 

48 

7212 

ijsr>^; 

74S1 

1-.U67 

7757 

1.2892 

80*0 

1.2437 

8132 

12002  1  12 

49 

7217 

1J857 

7485 

1.3359 

7761 

1.28S4 

80*5 

1.2430 

W37 

1.1995      11 

00 

7221 

IJftfS 

7490 

1.3351 

7766 

1.2876 

SOSO 

1.2423 

8142 

1  l<i«S    10 

51 

7226 

1J»4Q 

7495 

1.3343 

7771 

12S69 

8055 

1.2415 

8346 

1  1961      9 

S2 

72.KI 

IJ8J1 

7499 

13335 

7775 

1.2861 

8059 

1.240B 

&J51 

1.1974  1   8 

S3 

72.M 

1JflZ3 

75W 

13327 

7780 

1.2853 

806* 

1.2401 

8356 

1.1967      7 

H 

7239 

1J814 

7508 

13319 

7785 

1.2846 

8069 

1.1393 

8.U>1 

I.19KI      6 

55 

7243 

1J806 

7513 

1,3311 

77S9 

1,2838 

8074 

12.186 

8366 

I.195J      5 

M 

7248 

1J798 

7517 

1.3303 

77^ 

1.2830 

8079 

1,2378 

8371 

1.1946  :  4 

57 

7252 

U789 

7522 

13295 

7799 

1.2822 

8083 

1-2371 

8376 

1  1439  :  3 

58 

7257 

IJTSl 

7526 

13287 

7803 

I  7815 

9088 

IJ2364 

)U8I 

1.1932     2 

59 

7261 

13772 

7531 

1327S 

7808 

12807 

8093 

1.2356 

8386 

1.1925      I 

OO     72fi5 

1,376* 

7536 

1,3270 

7813 

12799 

809S 

1.2349 

&)9I 

11918     4 

cM 

lan 

ml 

Ub 

eat 

uu« 

oat 

(an 

cat 

tMI      . 

i 

')«c 

B3" 

n'2^ 

tiv 

^         I'll 

■■ 

^S 

1. 

^m 

S 

^1 

B. 

■ 

^ 

NATTRAI,  TA:fGE?(TS   A^fD 

coT.^^•^E?^Ta. 

^^ 

n 

40^ 

41*^ 

4S» 

43^ 

44"^ 

r 

1 

' 

tan 

not 

tMl 

col 

IMt 

n«t 

un 

col 

IMI 

CM 

' 

»91 

1.1918 

8693 

1.1504 

9004 

1  1106 

9325 

10724 

9657 

1C0S5    OO 

■ 

8396 

1.1910 

869S 

1.1197 

9O09 

1.1100 

9331 

1J07I7 

9663 

1J0349 

-59 

8«I 

1.1903 

sroj 

1,1490 

9015 

1.1093 

9336 

1j07II 

96«8 

1.0343 

S8 

^^ 

9406 

1.1896 

37tfS 

1,1483 

9020 

1.1087 

9341 

1.0705 

9674 

1.0337 

57 

S411 

1.1889 

8713 

1,1477 

9025 

1.1060 

9347 

l«W 

9679 

1.0331 

56 

8416 

1.1882 

8718 

1.1470 

9030 

1.1074 

9352 

1.0692 

9685 

1.0325 

55 

( 

M21 

1.1875 

S724 

1,1163 

9016 

1.1067 

9358 

1.0686 

9691 

1.0319 

54 

^ 

MM 

1.186S 

S729 

1.1456 

9041 

M06I 

9361 

1.0680 

96% 

1.0313      53 

■ 

fttSl 

1.1861 

8734 

1.1450 

9046 

1,1054 

9369 

1.0674 

9702 

1.0307     52 

^ 

»436 

1.1854 

8739 

1,1443 

9052 

1,1048 

9374 

1-0668 

9708 

1.0301      51 

» 

ft44l 

1.1847 

8744 

1,1436 

9057 

1.1041 

9380 

10661 

9713 

1.0295  no 

^ 

S446 

1.1840 

8749 

1.1430 

9062 

1.1035 

9385 

1.0655 

9719 

1 0289      49 

■ 

S4S1 

1.1833 

8754 

1.1423 

9067 

1,1028 

9391 

1.0649 

9725 

1.02S3      18 

^ 

8156 

1.1826 

87.'i9 

1.1416 

9073 

1.1022 

9396 

1.0643 

9730 

1.0277      47 

81«l 

1. 1819 

8765 

1.1410 

907S 

1,1016 

9402 

1.0637 

9736 

1.0271     46 

1 

BM6 

1. 1812 

8770 

1,1403 

9083 

1.1009 

9407 

10630 

9742 

1,0265      45 

1 

8171 

1.1806 

8775 

1.1396 

9089 

1-1003 

9413 

10624 

9747 

1.0259      44 

' 

8476 

1.1799 

8780 

1.1389 

9094 

1-0996 

9418 

1.0618 

9753 

1.02S3 

43 

8481 

l.i:92 

8785 

1.1383 

9099 

1-0990 

9424 

1.0612 

9759 

1024? 

42 

&466 

1.1785 

8790 

1.1376 

9105 

1.0963 

9429 

1.0606 

9764 

1.0241 

41 

^ 

b 

8491 

1.177S 

87% 

1.1369 

9110 

1.0977 

9435 

1.0599 

97TO 

1.02JS 

40 

■ 

s 

8496 

1.1771 

W«)l 

1.1363 

9115 

1,0971 

•W40 

1.0593 

9776 

1.0230 

39 

■ 

i 

8S01 

M764 

8606 

1.13.S6 

9121 

1,0964 

9446 

10S87 

9781 

1-0224 

38 

■ 

1 

SH)6 

11757 

8811 

1.1349 

9126 

1.0958 

9451 

1.0531 

9787 

1.0218 

37 

■ 

i 

85tl 

1. 1 750 

8816 

1.1343 

9131 

1.0951 

9457 

1.0575 

9793 

I.02I2 

36 

■ 

1' 

S516 

1.1743 

SS2t 

1,1336 

9137 

1.0945 

9*62 

1X15  W 

9798 

1.0206 

35 

■ 

K 

SS21 

1.1736 

SS27 

1.1.129 

9142 

ims9 

9468 

IjO.562 

9804 

1.0200 

34 

1 

1 

8S26 

1,1729 

SS.t2 

1-1323 

9147 

1.09.32 

9473 

1X1556 

9810 

1.0194 

33 

K 

8S31 

1,1722 

8S37 

1.1316 

9153 

1,0926 

9479 

lOSSO 

9816 

1.0188 

32 

1 

8556 

1.1715 

8S42 

1.1310 

9158 

1.0919 

9484 

1J3S44 

9821 

1.0182 

31 

p 

8541 

1.1706 

ss+r 

1.130) 

9163 

I.WI3 

9490 

1.0538 

9S27 

1.0176     90 

1 

8(46 

M702 

8852 

1.1296 

9169 

1,0907 

9495 

1.0532 

983.1 

1.0170  1  29 

1 

E 

85SI 

I.IWS 

SS58 

1.1290 

9174 

1.0900 

9S01 

1,0526 

9838 

1.0164      28 

■ 

1 

85S6 

1.1688 

8S63 

1.1283 

9179 

1.0694 

9506 

1.0519 

9S44 

1.0158      27 

■ 

1 

8551 

1-I«81 

8868 

1-1276 

9185 

1.0888 

9512 

IJ0513 

9850 

1.01.12  ;  26 

■ 

|i      8S66 

1.1674 

3873 

1.1270 

9190 

1.0681 

9517 

1.0507 

9S56 

Ii)l47 

25 

■ 

K     SS7I 

1.1667 

S$7S 

1  1263 

9195 

1,0875 

9523 

1j0501 

9661 

I.0I41 

24 

■ 

1  ,  SS76 

1,1660 

8384 

1.12S- 

9201 

1.0860 

9528 

ixms 

9867 

IJOISS 

23 

■ 

ft 

8S81 

1.16.S3 

WUW 

1.1250 

9206 

IjOW. 

9534 

1.0189 

9S73 

10129  '  22 

■ 

1 

6SS6 

1.1647 

8894 

1.1243 

9212 

ijOa.SA 

9540 

1.0483 

9879 

1.0123  ;  21 

■ 

P 

8S91 

1,1640 

3899 

1.1237 

9317 

1,0850 

9545 

1.0477 

9884 

1-0117  ao 

■ 

1 

8596 

1.1633 

S'XH 

I  1230 

9222 

10843 

9551 

1,0470 

980O 

1.0111       19 

■ 

V 

8601 

1.1626 

8910 

M224 

922S 

1.0837 

9556 

1.0I64 

9896 

1-0105      18 

■ 

8606 

11619 

8915 

1.1217 

92,13 

IjOtUI 

9562 

1.04SS 

9902 

1.0099     i; 

■ 

1 

8611 

1.1612 

S920 

1.1211 

9239 

1,0824 

9567 

1.04S2 

9907 

l.00»4      16 

■ 

1 

861 7 

1.1«06 

8925 

1. 1204 

9244 

1.0818 

9573 

t.0446 

9913 

IMVti  ,  15 

K 

8622 

1.1599 

8931 

11197 

9249 

1U6I2 

9578 

I.OMO 

9919 

■■0062  ,  14 

1 

a 

8627 

1. 1592 

89J6 

1.1191 

92-^5 

i.osa5 

9584 

10434 

9925 

10076      IJ 

■ 

ft 

£632 

1.M85 

8941 

1.1184 

9260 

l.0?W 

9.(90 

10128 

9930 

1.0070      12 

■ 

9 

Sftl7 

1.1578 

8946 

1  1178 

9266 

1.0793 

9595 

1.0422 

9936 

1.0064      11 

■ 

m 

S642 

1.1571 

8952 

1.1171 

9271 

\07B6 

9601 

1j(H16 

9942 

1.0O58  ,  10 

■ 

. 

8647 

1.1565 

8957 

1. 1165 

9276 

imso 

9606 

IXHIO 

9948 

1.0052 

9 

■ 

! 

fiftW 

1.1 558 

8962 

1,1158 

9282 

1,0774 

9612 

1.0404 

9954 

1.0W7 

8 

■ 

; 

86S7 

1.1551 

8967 

1.1152 

9287 

1X)768 

9618 

1. 0308 

9959 

IXXMl 

7 

■ 

■ 

8662 

US44 

8972 

1.1145 

9293 

10761 

9623 

1XU92 

9965 

l-OOJS 

6 

■ 

t 

S«7 

1.1  S3S 

8978 

1.1139 

9298 

10755 

9629 

I.0I8S 

9971 

1.0029 

S 

■ 

E 

8672 

1.1531 

89S3 

1.1132 

9303 

1.0719 

9634 

1X»79 

9977 

i.0023 

4 

■ 

w 

6678 

1.1524 

8988 

1,1126 

9309 

10742 

9640 

10373 

9983 

1.0017 

3 

■ 

ft 

ivm 

I.1SI7 

8994 

1.1119 

9314 

10736 

9W6 

10367 

9968 

1.0012 

2 

■ 

p 

8A88 

I.ISIO 

8999 

1.1113 

9320 

1.0730 

96S1 

1.U1&1 

9994 

i.onrv.     V,  \ 

.    ^ 

p 

8693 

1.1504 

90O4 

1.1106 

93U 

xmvk 

%« 

\sas*. 

V*»   \5«»      ^^X 

f 

■ot 

UUI 

ml        Mn 

48" 

«at 

ton 

47^ 

«A 

CK^            ^*» 

X 

L 

40^ 

a^X^ 

— 

*  ^t 

-Jit 

INDEX. 


rAOB 

Agonic  line 201 

Alignment  in  minef 381-384 

otutMles  to  and  problems  on  17, 120, 304, 370 

■tr«et 360 

Angle  of  deflection  108 

of  depression ;  of  eleration 66 

homontal ;  vertical 66 

meaanremcnt  between  lines 112 

measnrement  by  repetition 106 

measurement  by  series 107 

traversing  108 

problems 118 

Areas,  determination  of 35, 183, 167, 106 

Azimuth,  determination  by  solar  attachment 94 

table  of  errors  in 96 

BalftDcing  the  survey  161 

weights  used 166 

Bearings,  compati 102 

reverse 103 

proof 104 

chai^ng 116 

when  the  variation  is  known 209 

to  obuin  tme 212 

Chain,  engineer's 4 

Onnter's  ;  two-pole 3 

required  length  of  four-pole 301 

Chaining 4, 302, 334 

Circle,  area  of 33,43 

laying  out 228-231, 383, 384 

vertical 388, 389 

Clinometer,  the  hanging 390, 391 

Compaas,  surveyor's 66 

adjnstment 66 


82  INDEX. 

PASI 

Compass  bearings 102 

solar 275 

principles  and  adjustments  of  solar 280-285 

the  hanging 3i)0 

the  diurnal  Tariation  of MO 

the  secular  variation  of 201, 208 

Tariation  determined  by  old  lines 210 

Contour  lines 393 

Co-ordinates,  application  of  rectangular 45 

Comers,  establishing 30t 

lot 360 

quarter-section ;  witness 307 

re -establishment  of 310 

Course,  initial,  reduced Sua 

special  appliances 300 

Cross-sectioning,  angular 304 

Curvature  and  refraction 360,351 

Curres,  how  laid  out 229, 230, 383, 384 

Declination,  allowance  for 281 

formula  expressing 203 

line  of  no 201 

of  the  needle li)9 

by  rolaris  214 

problems  290,291 

setting  oft 285, 2N> 

Departure  and  latitude 154 

correcting I'll 

Distances,  measurement  of  inaccessible 135-li!' 

Dividing  land '2'M 

Drainage 377 

Ellipse,  area  of '-ii 

laying  out 228-2.11 

Error  in  chaining 7,8 

caused  l)y  needle li>4 

the  survey I'iS 

Field  notes,  recording  the 22,  41, 142, 147, 318, 350. 3iS5 

Formulas  expressing  magnetic  declination 203 

Grade  lines 357 

Grade  line  marking ^iiW 

Grades,  determination  of 374 

Gradienter 100,321) 

Gradiiatifin  69 


INDEX.  83 

rA«i 

Beights,  meuuTcment  of 30, 120-131 

Hexagon,  area  of  regular 31 

Judicial  functions  of  iUTTeyors 397 

Latitude  and  departure 164 

correcting .* 161 

difference  of 164 

finding  86 

by  circumpolar  itar 0S 

liy  the  sun,  with  Saegmuller's  attachment 91 

BL'tting  off 201 

Laying  out  land 221 

Levti,  adjuetment 3W-343 

wye 387 

engraring  of  wye 338, 330 

use  of 343, 387, 388 

Locke's  hand 333 

rod  340 

LeTelliog-rodfl 346 

Levelling  defined 340 

fore  and  back  sights 362, 368 

general  method 364, 366 

Line,  agonic 201 

azimuth  of 66 

bearing  of 66 

base    808 

meridian   64 

meridian  distance  of 66 

obstaclcein 17,122,124,  120,304 

inaccessibility  of  one  end 10, 120 

inaccessibility  of  both  ends 20, 127 

running  a  grade 367 

Lines,  offset  and  tie 44-61 

parallel   10 

perpendicular 13 

ranging  10 

marking 803, 366 

preservation  of  polnti  in 301 

surreying  aection 296 

■urreying  township 298,200,301 

straightening  boundary 26B 

variation  determined  by  old 210 

contour   303 
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OTDEX.  86 

PAOB 

Polei,  or  rods,  for  lighting 4,331 

of  the  earth fi6 

Polygon,  area  of 31-40.  IM 

laying  out 227, 228 

dividing  up 263-268 

Profllea 363, 864, 373 

level  notes  for 366,  365 

Pablic  lands,  survey  of , 276 

origin  of  system  of  survey 276, 296 

Record  of  levels  for  profile 366 

Recording  notes,  lee  Field  Notes. 

Rectangle,  area  of 31, 37 

laying  out 224, 226 

Rectangular  surveying 297 

Refraction,  allowance  for 287 

tables  63, 288 

explanation  of  table  of 200 

problems  in 290, 201 

curvature  and 360 

Ring,  area  of 37, 43 

Bode  or  poles 4,331 

levelling  . . . . ; 345, 348 

Scale,  drawing  to 29 

to  adopt    30, 385 

tmknown 30 

Scales 28 

Sections 209 

subdividing 314-318 

Seg^ment,  area  of 34,43 

Sextant,  area  of 34 

Shaft,  transference  of  points  down 380 

SoUr  compass 276 

engraving  of 277 

hour  arc,  polar  axis 270 

principles 280 

adjustments 283-285 

to  use 286 

running  lines  with 292 

time  for  using 295 

dme  of  day  by  sun  with 204 

Solar  attachment  of  the  transit  (Gurley's) 70 

engraving  of 81 


86  INDEX. 

rtaa 

Solar  atucliment,  adjiutment  of : 80 

running  lines  with 87 

SoegmuDer'a 88 

adjustment  of  Saegmullej'a 88, 89 

time  and  azimuth  with fi4 

Squares,  laj'ing  out 223 

Suiiift  wirea,  or  micrometer flo,  98 

level  line  of  sight  perpendicular  to 97 

line  of  sight  inclined  to 99 

Stri'L'ts,  direction  and  width  358,359 

alignment  of 360 

grade  and  profile 362,363 

preservation  of  points  in 361 

Table  of  areas  of  regular  polygons 33 

errors  in  aiitnuth 06 

elongation  and  azimuth  of  Polaris 216, 217 

inclination  and  conrergencj  of  meridians 32S 

refraction   92 

secular  variation 206 

tntf  ene 1C6 

Tables  at  End  op  Book. 

Tables  of  logarithms  of  numbers 1-lP 

approximate  equations  of  time 2<i 

lugarithms  of  trigonometric  functions 21,49 

for  determining  with  greater  accuracy oO,  51 

lengths  of  degree  of  latitude  and  longitude C2 

miscellaneous  f ormulse,  and  equivalents  of  metres,  chains,  and  feet,    US 

traverse 54-61 

natural  sines  and  coBincs fi2-T(i 

natural  tangents  and  cotangents Tl-7!i 

Tallying 3 

TnjH'  measures  ' 4, 332, 380 

Tfk'scope,  section  of 65,  .■i;J8,  a'H' 

adjuHtinf;  level  on 7(" 

TeKlliijf  B  survey 100 

TiiiH'  by  solar  attachnionl W 

lopocraphy 302,  ;J63.  3i>l-:)M 

Towiisbip,  Burvoying  boundaries  of 298,290,301 

subdividing Sll-'Jl.'i 


INDEX.  87 

TowMhip  plnn 296 

Tmnsit,  showing  gradienter,  vertical  arc,  ttL- 320 

survfvor's  (full  circle) 64 

adjustiuenlfl 71 

meaauTcmcnt  of  angles 106 

attach  mentis 77 

adjustment  of  attachments 7B 

solar  Rttnehment  («ee  Solar  Attachment) 79 

as  first  ma<Ie 396 

to  take  npart 79 

Trapezium,  areu  (if S9,  X84 

dividinj! 246-262 

TrapeMi.1,  arra  of 31, 38, 184 

dividint; 241-246 

Traverse  table 156 

Triangle,  arf:i  .)f 31, 36, 183 

dividing 232-240 

laying  inn 221-223 

Tripod 71 

Tripods,  extrn 381 

Vernier,  the 61 

the  transit , 69 

determination  of  least  count  of 61 

to  read  an  instrument  having 62 

exercises  on  spacing 62 

Vertical  cirile 77 

to  adjuHt  77 
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